Assessment of Water Quality Trends
for the North Bosque River Through
2021

Jimmy Millican and Todd Adams

North Bosque RiveSBtation 11956 (BOOB0) at Clifton, TX(May 23 202)

Prepareddugust 202 for the Texas Commission on Environmental Quality,
Office of Water, Water Quality Planning Division

CEQ AS-21621

Published September 2022






Assessment of Water Quality Trends
for the North Bosque River
Through 2021

Report to
Total Maximum Daily Load Program
Office of Water Water Quality Planning Division,
Planning and Implementation Section
Texas Commission on Environmental Quality
Austin, Texas

Contract No582-20-13159Work Order No 08

Prepared by
Jimmy Millican andTodd Adams
Texas Institute for Applied Environmental Research
Tarleton State University
Stephenville, Texas

Millican, J. and T. Adams 2022. Assessment dlVaterQuality Trends for the North
Bosque RiveiThrough 2@1. Texas Institute for Applied Environmental Research,
Tarleton State University, Stephenville, TeXBR2206 andAustin: Texas Commission
on Environmental Quality, AS216/21 .

TR2206
TCEQ AS21621
September 2022



Assessment of Water Quality Trends for the North Bosque River throijh 20

Acknowledgements

TheTexas Commission on Environmental Quality (TCEQ) Total Maximum Daily Load
Program (Contract N&82-20-13159Work Order No 08) provided financial support for
preparation of thiseport.The report has been produced annually with financial support
from the Total Maximum Daily Load Program since 2018.

The Texas Institute for Applied Environmental Research (TIAER) collected and analyzed
all historical water quality monitoring datagsented hereirfPast support includeslean
Water Act(CWA) Section319(h) projedt Evaluating Effectiveness of Total Maximum
Daily Load Implementation Plan Activities within the North Bosque River Watershed
North Bosque River Watershed Water Quality AssentandEvaluating Effectiveness

of Implementation Plan Activities within the North Bosque River Watefshdéd

through the TCEQNonpoint Sourcé&rogram by th&).S. Environmental Protection
Agency Othermajor projectghat supported historical monitorimgclude Livestock and

the Environment: A National Pilot Projesponsored by EPA, tigosque River

Watershed Pilot Projedunded through the TCEQ Clean Rivers Program in cooperation
with the Brazos River Authority, artie Lake WaceBosque River Initiativefunded

through thdJnited States Department of Agriculture

TIAER initially developed theiktorical informatiorregardingspatial distribution of
animal waste application fields in the watershed uttt=2006 TCEQ project
Monitoring to Support North Bosque River Model Refinemaitit the Total Maximum
Daily Load ProgramUpdates to these spatial datcuredunder the Clean Water Act
Section319(h) projectEvaluating Effectiveness of Implementation Plan Actisitiithin
the North Bosque River Watershand this current project

The United States Geological Survey provided flow and rating curve information for
three gauging stations they maintain along the North Bosque River.

The authors would also like to ackmedge the dedicated work of the many field
personnel and laboratory chemists who aided in the collection and analysis of samples,
particularly sinceNPSwater quality monitoring often requires personnel to bealh

seven days a week.

Mention of trade nmes or commercial products does not constitute their endorsement.



Assessment of Water Quality Trends for the North Bosque River throijh 20

Table of Contents

0T[5 ox 1o o ISP 1
Background and Station DeSCHPLIONS. ........uiiiiiie e ceeericie e eeeee e e e e 7
North Bosque River Watershed..............ooooiemn e 7
SAMPIING STALIONS. .. .o e e e e e e e e ennn s 9
Sample Collection and Laboratory Analysis Methods.............ccccooiiiieeeiiiiieeeeee, 12
Quality ASSUranCe ProCEAULES...........ovviveiiiiiiieeme et eeea e 12
Collection Methods for Routine Grab Samples..........cccccoiiiiimec, 14
Collection Methods for Storm Samples..........cooovvviiiiiiiee e 14
MONITONNG CONAITIONS......eeiiiiiiiiiiiie e 16
7240 O PSPPI PPPPRPPPPPPPP 16
Laboratory AnalysiS MethOods..........coooeviiiiiiiiieeee e 16
Data Set Construction and Statistical Methods for Trend Analysis....................... 17
(@1 0] £=To I I 7 = S 18
MONItONING HISLOIY.....cciiiiiiieeee e ererr e e e e e e e e e e e e e aeeee s 18
EXploratory Data ANAIYSIS..........uuuuiiiiiiiiiiiiieeeiiiie ettt 19
Adjustment for Stream FIOM..............oovuiiiiiiiir e 20
BT 00 B IS 1] o PP PP TTUPPRT 21
Trend ANalYSIS RESUILS.........coooiiiiiiiii e e e e e e e e eneas 22
ROULING Grab DataA.........uuvuuuuiiiiiiis i e e e e e e e e eeeess s e e e e e e e e e e e eeeeeeeeeesannneees 22
VolumeWeighted Data..............ccooiiiiiiiiiieier s 28
Evaluaton of Stream Water Quality Goal Attainment.............ccceeeeiiiieeevevvinnnnnnnnnn. 28
Regression RelationShIPS. .......ooii i 32
Annual Average TMDL GOal.......coooiiiiiiiiiiiiiiiieeee e S 41
Probability DiStribution CUINVES..........ooiiiiiiiiieeee e 44
Summary and DISCUSSIQN........cuviiiiiiiieiiiiceeeiieiieeee e e e e e esssimmme e e e 48
] (=] €= o= 60
Appendix A. Storm Conditions 20EB019..........cooeieiiiiiiieree e 67
Appendix B. Annual BosandWhisker Plots for Bacteria..........cccccccccevvvvicecvvvnennn 44



Assessment of Water Quality Trends for the North Bosque River throijh 20

List of Tables
Table 1 Phosphorus WLA for wastewater discharges within the North Bosque River
L2 L= £ 1= o SRR 6
Table 2 Estimated populations and growth for municipalities within the North Bosque
River watershed............oooiiiiiiiie e vmeeee ol
Table 3 Estimated land use and drainage area above sampling sites................. 10
Table 4 Parameters and methods of analysis for water quality samples used in trend
ANAIYSIS .. eeiiee ittt remr e e e e b n s et e s 16
Table 5 Years of available sampling data for trend analysis by station and parameter
type for routine grab SamPpLES...........cccviiiii e 19
Table 6 Years of available sampling data for trend analysis by station and parameter
type fOr StOrM SAMPIES. ... ..oiiiiiiie e 19
Table 7 Trend results for routine grab data for station 17226 (BO02Q)............... 24
Table 8 Trend results for routine grab data for station 11963 (BO04Q)............... 24
Table 9 Trend results for routine grab data for station 11961 (BOQ7Q)............... 25
Table 10 Trend results for routine grab data for station 11956 (BOQ9Q)............... 25
Table 11 Trend results for routine grab data for station 11882005)....................... 26
Table 12 Trend results for routine grab data for station 18003 (BOQ83)............... 27

Table 13 Trend results for routine grab data for major tributary station 13486 (GQZ00)
Table 14 Trend results for monthly volurageighted data for station 17226 (BO02@2P
Table 15 Trend results for monthly volumegeighted data for station 11963 (BO042pP
Table 16 Trend results for monthly volurageighted data for station 11961 (BO0Z@0
Table 17 Trend results for monthly volurageighted data for station 11956 (BO09G0
Table 18 Trend results for monthly volurageighted data for station 11954 (BO0923)L

Table 19 Trend results for monthly volumegeighted data for major tributary station
13486 (GCLOQ)......eeeeeiurrieeetreeesimmmreeeeteeeeessseeeessssessmmmsseeeeansseeeeanseeeesssssmmms 31
Table 20 Comparison over time of active and historical WAFs in the North Bosque River
L2 (] 6] =0 PRSPPI 55

Table 21 Summary of active and historical WAF information for CAFOs and AFOs in
the North Bosque River watershed as of fall 2021..............cccoovveenl 56



Assessment of Water Quality Trends for the North Bosque River throijh 20

List of Figures

Figure 1 North Bosque River watershed trend analysis monitoring stations and USGS

QAUGE JOCALIONS.......eiiiiiiie et imeme ettt emmmr e e et e e e 3
Figure 2 Annual variation in the number of dairy producers and milk production for
[ = 11 T 01U o] /SR 8

Figure 3 Averagemonthly normal precipitation for Stephenville, Texas (32921)....9

Figure 4 Relationship of the natural log of flow to annual averagePConcentration of
routine grab samples for station 17226 (BO020)............ccceeviiieemeeeeeenne 34
Figure 5 Relationship of the natural log of flow to annual averagePConcentration of
routine grab samples for station 11963 (BOO040)...........ccceeevvviieemeeeeeenne 35
Figure 6 Relationship of the natural log of flow to annual averagePConcentration of
routine grab samples for station 11961 (BOOZ0)..........ccovveeiiuviacmieneennne 36
Figure 7 Relationship of the natural log of flow to annual averagePConcentration of
routine grab samples for station 11958/18003 (BO085/BO083)............ 37
Figure 8 Relationship of the natural log of flow to annual averagePConcentration of
routine grab samples for station 11956 (BO090)..........cccveeiuriaamieneennne 38
Figure 9 Relationship of the natural log of flow to annual averagePConcentration of
routine grab samples for station 08611954 (BO100/BO095).................. 39
Figure 10 Annual average P£P from routine grab data for stations 17226 (BO020) and
11963 (BO040) compad to the longerm predicted concentration without
TMDL implementation and the TMDL gQal..........cccccovveeiiiiieemeee e 42
Figure 11 Annual average P£P from routine grab data for stations 11958/18003

(BO085/BO083), 11956 (BO090), and 17605/11954 (BO100/BO095)
compared to the loagerm predicted concentration without TMDL

implementation and the TMDL gOal............cooiiiiiiiiecciieee e 43
Figure 12 TMDL goal probability curve for index site above Stephenville (17226
[BO020]) compared to monitored data CUNVe............ccceeevuvieemeeeeeeirrenna 45
Figure 13 TMDL goal probability curve for index site below Stephenville (11963
[BO040]) compared to monitored data CUNVe...........c..ccoevuvieemeeeeeeirrenna 45
Figure 14 TMDL goal probability curve for index site above Meridian (18003 [BO083])
compared to monitored data CULVE..........cccceevvveevicmmeeee e 40
Figure 15 TMDL goal probability curve for index site at Clifton (11956 [BO090])
compared to monitored data CULVE..........cccvvvvvieevieemeeeeeeeee e e 40
Figure 16 TMDL goal probability curve for index site at Valley Mills (11954 [BO095])
compared to monitored data CULVE..........ccoveveveereecmriiieeeeeeeenvieeee e e eeenn 47
Figure 17 Annual boxandwhisker plots of monthly volumeeighted P@P grab data
for station 17226 (BOO20)........cuuiiiiiieeeeee i eeccvsvavrve s a e e e e e e 49
Figure 18 Annual box and whisker plots of monthly voluiweighted P@P grab data for
station 11963 (BOO4Q)........cccoiureeeiiiiiimmieeeessieeeesnineeeessimmmeensneeesssneee e 49



Assessment of Water Quality Trends for the North Bosque River throijh 20

Figure 19 Annual boxandwhisker plots of monthly volumeeighted P@P grab data

for station 11961 (BOOTO)........uuveeeeeiiirriericmeeeiteee e e e s eeeeeee e e s emmmsnreeeae e e 50
Figure 20 Annual boxandwhisker plots of monthly volumeeighted P@P grab data
for station 13486 (GCL0Q).........uuueeeiiiiiieiriiceeeireeee e e e e e e e s emmmeeeeeeeeeeenes 51
Figure 21 Annual boxandwhisker plots of monthly volumeeighted P@P data for
station 11956 (BOO90).......cccueririereiiirammmreesieeeereeesseeessseessmmmeessseessseessnsens 52
Figure 22 Annual boxandwhisker plots of monthly volumeeighted P@P data for
station 11954 (BOO95).......cciuieiriieeeiirammmeeesteeesieeesseeessseessmemeessseessneeesnsees 52

Figure 23 Map of CAFOs, AFOs, and associated WAFs (active and historical) within the
North Bosque River watershed, representing conditions as of fall. 202153

Figure 24 Temporal variability in measured annual precipitation for Stephenville and
WACO, TOXAS ...ttt et e e e e e mmms e e e e e e e e e e e e e e e s e eas 58

Figure 25 Monthly difference from normal precipitation from January 2010 through
December 2021 for Stephenville, TEXAS........cccvvvieeiiiiieemreeee e eeiieeeee e 58

Figure 26 Annual runoff in millimeters for gauged stations along the North Bosque River
59

Figure B1 Annual boxandwhisker plots of residuals from monthly flemeighted and
flow-adjustedE. colidata for station 17226 (BO020)...........ccccvvvreeeesicemnee. 75

Figure B2 Annual boxandwhisker plots of monthly flowveighted and flowadjustecE.
coli data for station 11963 (BOO4Q)........ccouueeeiiiiiriimmieee e 75

Figure B3 Annual boxandwhisker plots of monthly flowveighted and flowadjustecE.
coli data for station 11961 (BOO70)..........eveveeeiiiiiiimenee e eeciieeee e e e 76

Figure B4 Annual boxandwhisker plots of monthly flowveighted and flowadjustecE.
coli data for station 11956 (BOO90Q)........ccouueeieiiuieiiimmieeeeeieeee e 76

Figure B5 Annual boxandwhisker plots of monthly flowveighted and flowadjustecE.
coli data for station 11954 (BOO9K)..........ceeveeeiiiiiiieece e e 77

Figure B6 Annual boxandwhisker plots of monthly flowveighted and flowadjustecE.
coli data for station 13486 (GCL1QQ).........ceeeeeeeiiiiriimeneeeeeciieeee e e 77

Vi



Assessment of Water Quality Trends for the North Bosque River throijh 20

Introduction

This report presents an update of water quality trends in the North Bosque River
watershedassessing effectiveness of nonpoint source (NPS) and point source control
measures associated with the North BedRiver Total Maximum Daily Load (TMDL )
Implementation Plan-Plan) This report largely follows the format of previous trend
reports for the North Bosque River (e.g., McFarland and Millican, 2011 and 2012,
McFarland and Adams, 201301442015 2016 2017, and2018 Millican, Adams, and
McFarland 2019and Millican and Adams, 2028hd 202). Trend analyses focusno
severmonitoring stations, five of which are index stati¢ghg226[BO020], 11963
[BO040], 18003[BO083], 11956 [BO090], and 11954 [BO095or the phosphorus
TMDLs along the North Bosque River (Figure @ther stations include station 11961
(BOO0O70), a longerm monitoring station located along the North Bosque River between
index stationd1963(BO040) andL8003(BO083) and $ation13486 (GC10Q)located
onamajor tributay to the North Bosque RiveBpatial informationon concentrated
animal feeding operations (CAFQanimal feeding operations (AFQgndthe land area
associateavith waste aplication field€ (WAFs)is also updated with this report to aid

in evaluating implementation practices within the watershed

TCEQadopted two TMDLSs for soluble reactive phosph&(&RP) for North Bosque
River Segments 1226 and 1255 in February 20@ich U.S. Environmental Protection
Agency EPA) approved in December 2001 (TNRCC, 20Ubjintly, these two segments
represent the full length of the North Bosque River from its headwaters just north of
Stephenville, where the North Fork and South Fork of the Upper North Bosque River
merge, to its confluence with Lake Waco in McLennan Cadurtig goalof these
TMDLsis an overall reduction of about 50 percent in SRP loang concentratian
within the North Bosque Reer, with specific reduction goals varyirgy the river reach
The FPlan for these TMDLs was approved by TCEQ in late 2002 and biettees State
Soil and Water Conservation Board (TSSWCB) in early 2003 (TCEQ and TSSWCB,
2002).

Thel-Planoutlinesa number of programs reduce SR the North Bosque River
These programs includeur basic elements for phosphorus control:

I Throughout this report, stations are identified with both the TCEQ station identification number and the
TIAER identification to allow easy referencing to earlier reports where only one or the other may have
been used to identify stream sampling locations

2WAFsare land areas where animal waste is applied as organic fertilizaresmhsidered separately from pasture
and cropland areas that receive solely commercial fertilizest WAFs are associated with CAFOs and AF&3s
noted in McFarland and Jes (2006) and Houser and Hauck (2010).

3 Soluble reactive phosphorus is the form directly taken up by plant cells aothisonlymeasureas orthophosphate
phosphorus (P©P).
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1. Use ofphosgorus application rates for land application of dairy manure,
2. Use of reduca phosphorus diets for dairy cows to decrease manure phosphorus,
3. Remoal of about half the dairgenerated manure from the watershed, and

4. Implementation of phosphorus effludimits at municipal wastewater treatment
facilities (WWTFs).

To address phosphorus application rates on dairy WAFs, the TSSWCB initiated the
Comprehensive Nutrient Management Plan (CNMP) Progfaia TSSWCB supports

the voluntary implementation of CNMPs bgiry producers as part of their water quality
management plans (WQMPs) for AE@s addition to voluntary compliancECEQ

amended ruléfor CAFOs in 2004 to require regulated dairies in the North BoBiyes
watershedo implementutrientmanagemenplans (NMPs)On July 2, 2014TCEQ

adopted a revised CAFO rule to incorporate changes to federal regul@hess rule
changes imposed additional requirements regarding NMPs for CAFOs in the watershed.

An NMP addresses nutrient managengntance for cropping systems as part of a
conservation plan for producers and landown®GNMP encompasses most aspects of
an NMP, but additionally may include specifications for feed management, manure and
wastewater handling and storage, nutrient rganeent, land treatment practices, and
other manure and wastewater utilization options addressing the overall agronomic and
environmental aspects of an animal feeding operation (TCEQ and TSSWCB, 192)
development and adoption of CNMPs and NMPs hasroedwver several yeans state
fiscal year (FY)2006,eight CNMPs were certified34 were certified in FY2007, and
anothersevenwerecertified in FY2008 (TCEQ, 2009 FY2009, TSSWCB indicated
that two more CNMPs were certifiely the end of 2010,lls65 dairy CAFOs that were
operating in the watershed in 2004 had certified CNMPs, adding substantive nutrient
management practices to their operations (TCEQ, 20TRBa)TSSWCB continues to
review and certify, as appropriate, new or amended plans.

Anecddal evidence from dairy producers supported by local feed specialists and Texas
AgriLife Extension Service (formerly Texas Cooperative Extension) indicates that
producers are implementimgwer phosphorus dieté the mid to late 1990s, a survey of

dairy diet formulations including dairies in the North Bosque River watershed indicated

that cow diets averaged 0.52 percent phosphorus (Sansinena et al.RE98#8d
recommendations by the National Research Council (NRC) indicate optimal levels of
about 0.3%ercent phosphorus for higitoducing dairy cattle (NRC, 2001), which has

been supported in studies focused on reducing excess phosphorus in manure (e.g., Powell
and Satter, 2005; Miller et al., 2010; Kebreab, et al., 2013).

4 Subchapter B Concentrated Animal Feeding Operations, Chapter 321, Teximsfdtive Code Title
30, Sectior821.31 and Sectiod21.40.
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In dealing with the export of manure from the watershed, the two most visible projects
associated with thePlan were the Dairy Manure Exp&upport (DMES) project and

the Composted Manure Incentive Project (CMIF)e TSSWCB sponsored the DMES
project to provide incentives to haulers to transport manure from dairies to composting
facilities. Through the CMIP, TCEQ provided oversight of costag facilities and

rebates to Texastateagencies that used manure compost associated with the DMES
project TCEQand TSSWCB initiated these manure composting projects in September
2000 to exportoughly 50% of thelairy manuren the watershed at that tinoait of
watershed, while providing a beneficial soil amendméné Texas Department of
Transportation (TXDOT) as the major user of dairy manure compost for roadside
revegetationThrough August 2006, over 650,000 tons of dairy mamerehauled to
composting facilities and about 329,000 cubic yards of compost were exported from the
watershed (TCEQ, 2009).

Fundingfor the CMIP continued through August 2006, while the DMES project
continued to pay incentives to haulers through February. 20@7idea behind these two
projects was to establish a manure composting industry that would {seffieient after
these twadncentive programs endefieven composting facilities were active during these
projects As of 21, there ar@nly two active commercial composting facilities, Erath
Earth and Green Cow Comppisbth located in Dublin, Texas, just on the western edge
of the watershedr'here are also dairy operations within the watershed that compost their
own manure, buthat number is not readily availabl€AFOs in the North Bosque
watershedarecurrentlyrequired under their permits to either export manure outside the
watershedsend it to an approved composting facildy apply it toeither their own or
third-party WAFs within the watershed at specific ragsil must be tested for
phosphorus levels at a WAF annually and beforditsietime waste is applied; waste
cannot be applied if phosphorus levels in soil exceed certain criteria

Anothermeasurdhat has had a notable impact on water quality, particularly umder
flow conditions, is the implementation phosphorusemoval treatments by municipal
WWTFs. There are seven municipal WWTFs that discharge within the North Bosque
River watershedl Stephenville, Hico, Meridian, Iredell, Cranfills Gap, Clifton, and
Valley Mills. As part of Phase | in theRlan initial waste load allocatia@(WLAS) were
set for allseven municipal WWTFs and phosphorus repomagimplementedThe
permits for thewo largest facilities, in Clifton and Stephenvieereamended in 2003
to require phosphorus limits that necessitate advanced treatment procetsefall of
2005, Stephenville began using biological treatment in conjunction with alum and
polymers for phosphorus remoyualith the goal of meeting a daily average discharge
limit of one milligram per liter] mg/L). The Clifton WWTF started using alum as a
chemical treament to remove phosphorus in the spring of 2005.

As Phase Il of th8®VWTF measurespermits forexisting municipal permittees and other
wastewater dischargengereamended to require phosphorus load linmtpounds per
dayand/or aonemilligram per liter(1mg/L) totalphosphorus (totalP) effluent
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concentration limitAs of August 31, 2010, TCEQ reported that all seven municipal
WWTFs within the North Bosque River watershed bampliance schedules consistent
with the WLAs in the TMDIsand Plan (TCEQ, R11) Therearealsotwo othernon
municipaldischargers within the watershtit havephosphorus limits (Table 1 and
Figure 1).

With implementation of all these activities, it is important to monitor and statistically
evaluate improvements in waiguality. Changes in water quality may be gradual and
usuallylag actual implementation on the land, particularly with regard to reducing
nonpoint source pollutants (e.g., Meals, et al., 20l@re has also been temporal and
spatial variability in the imiegmentation of4Plan activities, saimay take severahore
years after implementation occurs before instream improvements become apparent
throughout the watershed

Direct point source discharges occur to the
WWTF, with the exception of Cranfills Gap and HiCable 1) The Cranfills Gap

WWTF discharges intthe Austin Branch of Meridian Creek, a major tributary to the

North Bosque River, anithe Hico WWTF discharges intdacks Hollev Branch a few

hundred feet befe its confluence with the North Bosque Riviewo additional

wastewater dischargease as follows:

1 Northside SubdivisioWWWTF for the Northside Subdivision Water Plant and
Distribution Corporation located about 0.75 miles east of North State Highway) (Hw
108 and 0.75 miles south of County Road 488th of Stephenville

1 The Shady Oaks WWTF owned by tBeephenville Mobile Home Pat&cated at the
intersection of US Hwy 377 and Business US Hwy 377 northeast of Stephenville

To evaluate improvements water quality TIAER has sampled streastationsall along
the North Bosque Rivesince late 199%Prior to 1995, TIAER's monitoring focused
streamstationsand tributaries within the upper thiod the watershed, providing a
sampling history asome stations dating back to 19%\hile SRPis the focus of the
North Bosque River TMDLS, excessive nutriefitased on a variety of nitrogen and
phosphorus constituents, elevated chloropayICHLA) concentrations, and elevated
bacteria levels have bearconcern in the North Bosque River watersioedjuite some
time. To more fully assess improvements in the North Bosque River, trends are presented
for nitrogen, phosphorus, CHLA, total suspended solids (TSS), specific conductance
(conductivity) and bateria concentrationgield parameterée.g.,dissolved oxygen and
pH), while routinely monitored as instantaneous measuremaats, not included ithis
trend analysis due to the difficulty aorrecting fordiurnal fluctuationsBesides trends
analysisdata were also evaluated in comparison to attainment of water quality goals
specified in the TMDL 4Plan, and results are discussed in the contexPtdn activities.
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Table 1 Phosphorus WLA fowastewater discharg&vithin the North Bosque River watershed

Total Phosphorus

. . Permit ID . : Total Phosphorus . Permitted Monthly . .
Permitted Discharge TCEQ (EPA) Latitude Longitude Daily Avg. (mg/L) ?I?)i)//dg\;/% Discharge (MGDY DischargelLocation
. . WQ0010290001 .
City of Stephenville (TX0024228) 32.1978D | -98.18762 1 29.2 3.5 North Bosque River
: . WQO0010043001 i
ty of Clift 1.785277| -97. R t 7. . North B R
City of Clifton (TX0033936) 31.785 97.568333 epor 0 0.65 or osque River
. - WQO0010113002 )
City of Meridian (TX0053678) 31.920139| -97.65444 Report 5.9 0.45 North Bosque River
. . WQ0010307001 .
City of Valley Mills (TX0075647) 31.663333| -97.463611 Report 3. 0.36 North Bosque River
. . WQ0010188001 JacksHollow Branch of the
City of Hico (TX0026590) 31.978333]| -98.026944 1 2.1 0.25 North Bosque River
City of Iredell(Town | WQ0011565001 _
Plant WWTF) (TX0024848) 31.987103| -97.86455 Report 1.7 0.049 North Bosque River
Austin Branch thence to
City of Cranfills Gap W%?gig;sggm 31.773655| -97.823223 Report 0.4 0.04 Meridian Creekand thencé¢o
( ) the North Bosque River
Unnamed tributary of the
Northside Subdivision WQ0014735001 North Fork North Bosque
Water Corporation (TX0128996) 32.254444 ) -98.221944 Report 0.28 0.033 River, thence to the Upper
North Bosque River
Stephenville Mobile Unnamed tributarythenceto
W 1 1
Home ParkShady ?2812233680 32.238353| -98.164966 Report 0.20 0.024 Pole Hollow Branchthenceto
Oaks WWTF) ( ) the Upper Nath Bosque River
WesternDairy WQ0004314000 Not Not : . . .
Transport (Not Applicable)| applicable | applicable Not applicable Not applicable Not applicable No discharge

MGD = million gallons per day; Ibs/day = pounds per.dd@yurcefor MGD values Permit files obtained onlingarough TCEQ Central Registry QuemsywWw15.tceq.texas.gov/crpyb/

Total phosphorus amaermitted discharge include both outfalls for Stephenviigtfall 001 discharges below Stephenville, while outfall 002 discharges within the Stephenville City Park

inside the city

Source: North Bosque RiveRlan (TCEQ and TSSWCB, 2003)Iso, notedn permit for the City of Valley Mills under Other Requirements.



file://///tiaer5a/Technical_Directory/Active_Work/PROJECTS/TCEQ/NBRFY22/Trends/TCEQ_Comments_21Jun22/www15.tceq.texas.gov/crpub/

Assessment of Water Quality Trends for the North Bosque River throijh 20

Background an&ation Descriptions

North Bosque River Watershed

The North Bosque River is located in central Texas and extends about 110 river miles from
Stephenville, Texas to Lake Waco near Waco, Texas (Figurehk) headwaters of the North Bosque
River originate in Erath County just north of Stephenvileke Waco, a mamade reservoir, supplies
drinking water to over 150,000 peopléhe North Bosque Rivevatershed comprises about 74 percent
of the land area draining into Lake WaGiher major tributaries to Lake Waco include Hog Creek,
Middle Bosque River, and South Bosque Rivére urban populatiom the North Bosque River
watershedas increased abb32 percent over the past25years t h St ephenvi |l | e,
largest city, encompassing most of this growth (Table 2).

The North Bosque River watershed is typical of many watersheds in the region in that the dominant
land covers are wodmhdand range Improved pasture and some row crop farming occur throughout
the watershedRrow crop farming is most common in the southern portions of the watershed,
particularly in the floodplain of the North Bosque River close to the city of Cliftoproved @sture

is predominately fields of Coastal bermudagr&modon dactylopn while row crops of sorghum
(Sorghum bicolgrand winter wheatfT{riticum spp.) are often grown as a doublep systemMost

dairies are located within the upper third of the watershed, where producetsad#ienally applied

dairy waste as organic fertilizer to improved pasture and row crops.

Table 2 Estimated populations and growth for municipalities within the Nod$soBe River

watershed
Municipality EsFEimated_ 1290 Estimated_ 2200 Estimateq 20blO Estimateq 2(320
opulation Population Population Population
Stephenville 13,502 14,921 17123 21,194
Hico 1,342 1,341 1,379 1,422
Iredell 339 360 339 345
Meridian 1,390 1,491 1,493 1526
Cranfills Gap 269 335 281 286
Clifton 3,195 3,542 3,442 3,609
Valley Mills 1,085 1,123 1,203 1,252

a. Population estimatemrebased on values presented by the Texas State Data Center based@enkuS data far990and
2000 (Texas State Data Center, 2015).

b. Revised 2010 Census Count and estimat&f pOpulation (Texa®emographicCenter, 2Q0).

Erath Countywhere the river originatesjas consistently the number one mplkloducing county in
Texasbetween 190 and 2010Since 2011Erath County has remained one of the gpgmilk-
producing countiesThe number of dairy producers in Erath County peaked in 1994 and since has
decreasedharkedly (Figure 2)Milk production peaked in 2000 and has alsoreased, but the
decrease has not been proportional to the decline in prodlibergyh nilk production haglecreased
overall, theravasa notableesurgence in milk productidretween 2014 and 20. Part of this
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increasecanbe related tancreasednilk production per cowThroughout the Uited States, itk
productionhasincreased abouO percentper cowoverthe lastlO years according 1d.S. Department

of AgricultureNational Agricultural Statistics Servigtatistics USDA-NASS, 2(22). Between 2014

and 2@1 in Erath County, milk production harscreased ove34 percentindicating anincrease in

cow numbersas well While Erath County expands beyond the range of the North Bosque watershed,
about twethirds of the dairy operations in Erath County are located within the North Bosque Rive
watershedso countylevel statistics likely reflect dairy production within thatershedBased on

TCEQ inspection records for the North Bosque River watershed, the estimated number of dairy cows
was about 45,000 in 20@&hdabout38,500in 2021°.
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Figure2 Annual variation in the number of dairy producers and milk productionrethECounty

Source: United States Department of Agricultéygricultural Marketing Service milk marketing production records

Annual rainfall in the North Bosque River watershed averdgdsnchesper yearRainfall typically

follows aslightly bimodal patternwith peaks in the spring and fall (Figure @n average, the wettest
month is Mayand the driest month is Januaijost tributaries of the North Bosque River are highly
intermittent and frequently become dry soon after eaclfatkmunoff event In some years, winter

rains corresponding with low evapotranspiration rates can establish a base flow that persists well into
spring Groundwater contributions in the upper portion of the watershed are generally insignificant,
though grandwater seepage has been noted in the lower portion of the watershed

5Because TCEQ no longer annually inspects all CAFOs within the waterstietated animal numbers for 20ade
based on inspected values from FY2010 through RYAsing the most recent inspected value for activeatipers as
the estimate for FY2021
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Source: National Oceanic and Atmospheric Administration, National Climatic Data Center
Sampling Stations

Because TIAER has sampled at many of these stations under separate projects, all stations are listed
both their TCEQ and TIAER station identifications for easy reference to information or data in other
reports The TCEQ station identdationnumberis generally listed first, followed by the TIAER

station identification in parentheses or brackétend analyses focused on seven stream stations at
which temporally intensive data collection has occurred for several yangoring at nost stations

was initiated in the early to mitl990s, though monitoring at station 18003 (BO083) was not initiated
until 2003 These stations vary in drainage area, water quality, and hydrology (Table 3) and are
grouped as follows:

1 The five North Bosque Rer index stations (11954 [BO095], 11956 [BO090], 18003 [BO083],
11963 [BO040], and 17226 [BO020]) specified in the phosphorus TMDLs-Bfahl

1 North Bosque River at Hico, station 11961 (BO070), which is in a long reach mi¢ehbetween
index stations

1 Green Creek, station 13486 (GC100), which has been collocated with one of TCEQ's
Environmental Monitoring and Response System (EMRS) statiothgathers data from a
subwatershed that is primarily influenced by nonpoint sources of phosphorus

General laneuse descriptions are based on the National Land Cover Database (NLCOVU3@ES,
2019, supplemented with information summarized by TIAER on animal waste application fields

9
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within the watershed (Table.3) notable decrease in the percentafjarban land use cover as
compared to percentages previously reported is due to a refinement in the 2016 NLCD layer that
improved the accuracy in identifying road$ie Spatial Sciences Laboratory of the Texas Agricultural
Experiment Station, now Texas Algfe Research, conducted a lande classification for the
watershed based on satellite imagery from 2001 through 2003 (Narasimhan et al., 2005; Table 3).

Information on animal waste application fields was compiled in 2000 from TCEQ reswdsied in
2005 andupdatedagain in the fall of 2007 by TIAERased on a review of TCEQ permit information
usedto supplement this satellite imagery classification (McFarland and Jones, 2006; Houser and
Hauck, 2010)The WAF information included milking and nanilking operationswith milking
operations representing over 80 percent of the CAFOs and AFOs in the wat@talidRl updated

WAF information through 2QRrelated taCAFOs and AFOs in the watershied the purposes of this
reportto aid in evaluating if chaes in the amount and location of WAFs might be related to changes
in water quality.

In addition to the stations listed in Table 3, data from station 17605 (BO100) were used in conjunction
with data from station 11954 (BO095) for trends analy&iation17605 (BO100) was a TIAER

sampling station located northeast of Valley Mills that was discontinued in July 2001 due to bank
stability problemsStation 11954 (BO095) was installed as a replacement site about 1.9 river miles
upstream of station 17605 (B0O)0Whe discharge for the Valley Mills WWTF is located below station
17605 (BO10Q)Data from these two stations will be collectively referred to as station 11954 (BO095)

throughout the rest of this report.

Table3 Estimated land use and drainage area abaw®ling sites
| deﬁtti?itcl:gr[]ion Location within the Drainage Dominant Land General Water
TCEQ North Bosque River Area Use or Land Quality and
(TIAER) Watershed (hectares) Cover? Hydrology
Woodandrange Water quality
17226 North Bosque River (34%), pasture and| moderately impacted
(BO020) aboveStephenville, 21,700 cropland 41%), by nonpoint sources;
Texas WAFs (19%), urban| intermittent flow with
(6%0) perennial pools
North Bosque River
below Stephenville, Woodandrange Water quality
(32%), pasture and| . )
11963 Texas about 0.6 km impacted by point ang
) 25,700 cropland 41%), . )
(BO040) below the discharge WAF nonpoint sources;
: S(17%), urban .
from the Stephenville (9%) perennial flow
WWTF 0
. Woodandrange Water quality
N_orth Bosge River at (38%), pasture and| moderately impacted
11961 Hico, Texasabove the . ;
. . 93,100 cropland (5%), by point and nonpoint
(BOO0O70) discharge from the Hico )
WAFs (10%), urban sources; nearly
WWTF i
(6%) perennial flow
Woodandrange Water quality
18003 North Bosque River (57%), pasture and| moderately impacted
(BO083) between Iredell and 178,000 cropland 28%), by point and nonpoint
Meridian, Texas WAFs (8%), urban sources; nearly
(5%) perennial flow

10
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Station

Identification Location within the Drainage Dominant Land General Water
TCEQ North Bosque River Area Use or Land Quality and
(TIAER) Watershed (hectares) Cover? Hydrology
North Bosque River at Woodandrange Low impacts from
; (57%), pasture and : .
11956 Clifton, Texasabove the point and nonpoint
: 253,000 cropland (3%), ) :
(BO090) discharge from the sources; perennial
. WAFs (5%), urban
Clifton WWTF flow
(6%)
North Bosque River at Woodandrange Low impacts from
) (59%), pasture and : .
11954 Valley Mills, Texas point and nonpoint
. 297,000 cropland (2%), ) :
(BO095) above the discharge frof WAFs (5%), urban sources; perennial
the Valley MillsWWTF ' flow
(4%)
Woodandrange Water quality
13486 Green Creekear the (38%), pasture and| moderately impacted
(GC100) confluence with the 25,200 cropland 48%), by nonpoint sources;
North Bosque River WAFs (9%), urban | intermittent flow with
(5%) perennial pools

11



Assessment of Water Quality Trends for the North Bosque River throijh 20

Sample Collection arlchboratory Analysis Methods

Quality Assurance Procedures

Beginning as early as 1992, TIAER collected data from project stations under a variety of quality
assurance project plans (QAPR4istorical information used in this report includes water quality,
rainfall, and streamflow dat&listorical project QAPPs include the following:

1.

QAPPfor the National Pilot Project (TIAER, 1993) funded bySLEPA. This QAPP
covers data collected between June 1, 1992 and August 31, 1995 for stations in the upper
portion d the North Bosque River watershed.

QAPRP for the Bosque River Watershed Pilot Project (BRA, 1995) funded by the TCEQ
Clean Rivers Program via the Brazos River Authoritiyh TIAER as a subcontractofFhis
QAPP covers data collected between October 1, 2885Viay 31, 1996.

QAPPfor the Lake WacdBosque River Initiative (TIAER, 2005) funded by the United
Stated Department of Agricultur€his QAPP covers data collected between September 1,
1996 and August 31, 2006.

QAPPfor the North Bosque River Watershéthter Quality Assessment Clean Water Act
Section319(h) project funded byCEQand EPA Region 6 (TIAER, 203. This QAPP
covers data collectdoketween February 2006 aAdigust 2010.

QAPPfor the North Bosque River Watershed Water Quality Assessment ipiuaeled
through the TCEQ Surface Water Quality Monitoring Prog(@mAER, 2010b) This
QAPP covers data collectbetweenSeptember 2018ndAugust 2011.

QAPPfor Evaluating Effectiveness ofRlan Activities within the North Bosque River
Watershed, a Clean Water Agection319(h) project funded through the TCENPS

Program (TIAER, 2013, amended in July 2015 to extend monitoring through August 2016)
This QAPPcovers data presented in this report collected between September 2011 and
August 2016.

QAPPfor Evaluating Effectiveness of Total Maximum Daily Load (TMDL)
Implementation Plan {Plan) Activities within the North Bosque River Watershed, a Clean
Water ActSection319(h) project funded through the TCE@8IProgram(TIAER, 2016)

This QAPP covers data presented in this report collected between Septentan®01
August2017.

QAPPfor Evaluating Effectiveness of TMDL:-Plan Activities within the North Bosque
River Watershed, funded through the TCEQ TMDL Program (TIAER, 2@Vised 2@2).
This QAPP is for the current project and covers data presented in this report collected
between September 2017 avidy 2023

Water quality data associated with the projebisva were collected and analyzed using similar
assessment objectives, sampling techniques, laboratory protocols, and data validation pratedures
sampling design was changedtihe spring of 2008ue to a decrease in fundiri®yior to 2008, an

12
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effort was made to sample atorms but after 2008pnly selected storms wengonitored This
change has continued for storm monitoring throug®il2hformation regarding storm monitoring is
outlined by year from 2008 throu@®20 in Appendix A and fo2021 under the sectiofiCollection
Methods for Storm Samples

A second known area of deviatibas beelin the measurement of bacteria over tifgor to 2000,

fecal coliform (FC) rather thalBscherichia coliweremonitored McFarland and Millican (2010)
evaluated pairef. coli and fecal coliform data from November 2000 through March 2004 to compare
these two types of bacteria datis period of overlap was used to determine if fecal coliform could
be adjusted to comparalifecdi values using accepted statistical methods for comparing different
analytical methods (Bland and Altman, 198his comparison includedd75 paired observations

and produced the following regression relationship, which was used to adjust histoakcebiéarm
concentrations t&. coli concentrations prior tobend analysis.

In(E. coli) = 0.946*In(FC)i 0.029 R2=0.93  p =<0.0001

Of note, McFarland and Millican (2010) indicate that this regression relationship did not meet all the
assumptions associated with use of regression analysis in that the distribution of residuals was peaket
and thus, not normally distributed even after data were log normally transtdvitiédrland and

Millican assumed that the regression relationship betviecal coliform andt. coli was robust

enough that the violation of this statistical assumption would have only a minor impact on the outcome
of the trend analysis.

A third known deviation was in the use of reporting limits for-taefhsored datdriorto September
2003, TIAER used laboratory method detection limits (MDLS) as reporting limits for constituents
After September 2003, TIAER used TCEQ ambient water reporting limits (AWRLS) or limits of
guantitation (LOQs) as reporting limit9ata for eachanstituent were standardized prior to trend
analysis to make sure that differences in the reporting limit didaustean indication of false trends
as described later in this report under the section on data set construction

Data external to TIAER frorthe United States Geological Survey (USGS) were used to determine
flow at some sampling stationBhe USGS maintains stage gauging stations along the North Bosque
River near Hico (USGS station 08094800), Clifton (USGS station 080958ad Valley Mills USGS
station 08095200Associated USGS stream stage, dischaage/or rating curve data were used in
conjunction with data collected by TIAER to calculate discharge at stations 11961 (BO070), 11956
(BO090), and 11954 (BO095).

The overall objectivef montoring water quality in the watershed since 2011 has teese data
collected specifically for evaluation of the North Bosque River TMah in conjunction with
historical datdrom previous projects to evaluate changes in water quality overBienause most
historical data were collected and analyzed in a comparable manner, no limitations were placed on
their use, except where known deviations occurred, suttteabanges in bacteria parameters and
differences in reporting limitsientioned previosly.

13
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Collection Methods faRoutineGrab Samples

Routine grab sampling at stream stations occurred at least monthly and generally on a biweekly
schedulghrough August 202Beginning in September 2021, stations 17226 (BO020) and 13486
(GC100) were samplaoh a biweekly schedule and the other five stations were sampled on a monthly
scheduleThrough August 2021,rgb samples were collected only when water was flowing at a station
and not when the stream was dry or pooBfinning September 2021, samplogrurred at stations
17226 (BO020) and 13486 (GC100) regardless of flow conditions if a sufficient pool was .present

Grab samples were collectedall yearsat a depth of 0.3 m or less below the surface depending on
total water depth, asdicatedin TCEQ surface water monitoring procedures (TCEQ, 2003; 2008;
2012b) When grab samples were collected, water temperature, dissolved oxygen (DO), pH, and
conductivity were measured in situ witliHgidrolabor YSI (multiprobe) fieldsampling instrument
Because stream stations within the North Bosque River watershed are generally shallewaatdr
columnunlikely to stratifyat these locationsnultiprobe readings were taken only at a surface depth
corresponding to the depth of the routine grab sanfiav measurements were alsallected(or
estimated if flow was too high or too low for direct measurements) at mos\ghes necessasylow
estimates werderivedby using data from a nearby USGS gawggstation, stream level data from
automated sampling locations and associated rating curves, or float test estimaitmaccess
issues, flow data generally could not be collected for station 18003 (BO083)

In this report, surface samples are preskated evaluated for trends in nutrients, TSS, CHLA, bacteria
(asE. coli), and conductivity Trends in water temperature, DO, and pH were not evaluated, because
many physical parameters, particularly water temperature and DO, follow a diurnal patteausest
values to vary depending on the time of day when measurements are taken.

Collection Methods for Storm Samples

Storm samples were collectedsat of thesevenNorth Bosque River streasamplingstations Only
routine grab samples were collectedtatisn 18003 (BO083) due to issues with accessibility for
installation of a storm sampling station, which also hindered direct measurement of flow at this
location.

The collection of ®rm samplestautomated sampling stationsedan ISCO 3700 sampler in
combination with an ISCO 4230 or 3230 bubkigre flow meterThe ISCO flow meter operates by
measuring the pressure required to force an air bubble thrddghilemeter (mm) (0.125 in)

polypropylene tube, or bubbler line, and represents the watér Téwa=ISCO flow meters were
programmed to record water level or stage continuously atrfinete intervals and to initiate sample
retrieval by the ISCO 3700 sampleB&amplers typically were actuated based on a stream rise of about
4 cm (1.5 in) abve tre bubbler datummOnce activated, samplers were programmed to retrieitene
sequential sampleblistorically, the typical sampling sequence at major tributary and mainstem stream
stations was:

1 Aninitial sample

1 One sample taken at a eheurinterval

14
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One sample taken at a tvour interval
One sample taken at a thieeur interval

One sample taken at a felour interval

= =2 4 =

One sample taken at a gwour interval

1 All remaining samples taken at eigiur intervals

Since the fall of 2006, the salmy sequence has been modified so that once thehfmurinterval
was encountered, all remaining bottles for an event were then taken-abtountervalsif an
automated sampler could not activate or became inoperable during a storm event, dadyadier
weregenerallycollected to represent the event.

Until June 1997, most sequential storm samples within an event collected by an automated sampler
were analyzed i ndi vi dToaéctease dampleTohdAdEHe dakoratorg, la-thow a t
weighting strategy was initiated that composited samples on about a dailyTasiBow-weighting
strategy was initiated at stations 172B&020, 11963 80040, 11961 (BO070)and13486

(GC100 in May or June 1997 and at stations 11956 (BO090) and 1(B¥3@d95) in May 2000.

At each storm sampling statiostream stage/ascontinuouslymonitoredat five-minuteintervals (or
15-minuteintervals if USGS stage rdflow recordings were used)o convert stage readings to flow,
stagedischarge relationships wedevelopedFor stations17226 B0O020, 11963 B0O040, and13486
(GC100, stagedischarge relationships were based on manual flow measurements by TIAER staff
taken at various stage conditions that were then relatbe twrosssectional area of th&tream,

following USGS methods as outlined in Buchanan and Somers (1@@edischarge relationships
for stageswvithout availabledischargeneasurements were extrapolated using the @@stsonal area
and a leassquares relationship of the average strgalocity to the log of water level or expansion of
a fitted polynomial regression line.

Stations11961 BO070, 11956 (BO090), and 11954 (BO095) are locatedr USGS stream gauging
stations(Figure 1) Station 11961 (BOO070) is located near USGS stati@94800, 11956 (BO090) is
located neatSGS station 0809500and11954 (BO095)s located near USGS station 08095200
Very early in Tl AEROGs ndimgsatstationilldel (BOO70)gveratied ints t a
the USGS rating curve fatation 080948007 he daily average discharge values at station 08094800
were used as a check on the TIAER estimates of discharge at station 11961 (BO070) until October
1999, when the USGS station 08094800 near Hico was conveddidoa-hydrograph paial record

station In mid-January 2016, USGS reinitiategportingall flows for station08094800 near Hico

TIAER relied primarily on stage and flow dateeasured attation 11961 (BO0O7Gjom 2016through

2021 but has used flow and stage data at US@tost 08094800 to aid in filling in gaps

For flows at station 11956 (BO090), instantaneous USGS data from station 08@8&08ed in this
report For station 11954 (BO095))stantaneous USGdata from statio®8095200are usedin

October 2005, the USEstation 08095200 near Valley Mills was converted to a floattograph

partial record statiariTo obtain continuous discharge measurements after October 1, 2005, a period
with USGS discharge measurements and TIAER stage recordings was used to daagl®p a s
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discharge relationship for station 11954 (BO095) in conjunction with manual flow measurements
collected by TIAERThis new rating curve for statidil954(BO095) was used for discharge

estimates after October 1, 20@Hhd USGS 18ninute discharge dataere used prior to October 1,

2005 Starting in September 200he USGS station near Valley Mills (08095200) was converted back
to recording all flowsSince 2007TIAER hasrelied primarily on instantaneous flow data from the
USGS statior®8095200 forlbws at station 11954 (BOQ095).

Monitoring Conditias

Within Appendix A general monitoring conditions between 2008 an2lDz0e presentedrollowingis
a summary of conditions in 20 outlining storms monitored

2021

In 2021, stornms were monitored during Mar¢cipril, andMay. Fourstorns were monitored at stations
17226 (BO020), 11963 (BO043486 (GC10011956 (BO090), and 11954 (BO09%hree storma
were monitored at station 11961 (BOQ.70)

Precipitation in Stephenville withitné headwaters of the North Bosque River totaed iBches for
2021, slightly abovethe longterm average d32.6 inches The heaviest rainfall occurred ay, with
a total of8.7inches

Laboratory Analysis Methods

Ammonianitrogen (NH-N), nitrite-nitrogen plus nitrata@itrogen (NQ-N+NOs-N), total Kjeldahl
nitrogen (TKN),orthophosphat@hosphorusRQi-P) or SRP, totaphosphorus (totaP), and TSS were
evaluated for both routine grab astdrm sampleéTable4). In addition, CHLAandE. cali were
evaluated for routine grab sampl&stal nitrogen (totaN) was derived as the sumMNO,-N+NOs-N
plus TKN.

Prior to 2000, fecal coliform rather th&ncoli weremonitored as an indicator of bacteria
concentrationd=rom November 2000 through March 2004, both fecal coliformEacdli were
analyzed to determine a relationship between these two measures of bacteria.

Table4 Parameterand methods of analysis foater qualitysamples used in trend analysis

Parameter Abbreviation Units Method? Paéaonagter
Ammonia EPA 350.1 or
. NHs-N mg/L SM 4506NH3 00608
nitrogen G
Nitrite-nitrogen + EPA 353.2 or
: rog NO,.-N+NOs-N mg/L SM 4506N0O3- 00631
nitrate-nitrogen =
. EPA 351.2 or
Tof}'ﬂ?eﬁ]&h' TKN mg/L SM 4500 00625
9 NH3G>
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Parameter Abbreviation Units Method? Parameter
Code

Orthophosphate i EPA 365.2 or 70507 or
phosphorus PQ:-P mg/L SM 4500PE 0067F
Total phosphorusg TotalP mg/L EPA 365.4 00665

Total suspended EPA 160.2 or
solids TSS mg/L SM 2540 D 00530
Chlorophylta CHLA pg/L SM102006H 32211
- . . cfu/100 mL or IDEXX

Escherichia coli E. coli MPN/100mL Coliler 31699

a. EPA refers taViethods for Chemical Analysis of Water and Wa@#&EPA, 1983) and SM refers &andard Methods for the
Examination of Wateand Wastewater18" Edition (APHA, 1992) for P@P and latest online edition for all other parameters.

b. TKN and totalP methods modified to use copper sulfate as the catalyst instead of mercuric oxide.

c. Fieldfiltering for PQi-P began in October 2003 for routine grab samfzlede 00671 All routine samples prior to October
2003 and all storm samples were lab filtefealde 7050Y.

d. Most probable number (MPN) or IDEXX method fercoli was implemented in April 2004.

Data Set Construction and Statistical Methods for Trend Analysis

Two datasets representing monthly estimates of average constituent concentrations atach
weredeveloped for trend analysiBhe first datasetcamefrom routine grab data, while the second
dataset combiedroutine grab and storm daferends associated with these two data sets address
TMDL objectives regarding reductions in concentrations andrgadRoutine grab samples should
reflect any decrease in concentrations associated with routine monitoring, while the-wdigieed
data set including storm samples should reflect any decreases in stream loadings

Most routine grab samples for nutrie@nd TSS were collected biweekly, while samples for analysis
of CHLA and bacteria wenesuallycollected only monthlySo, in the first data set,easurements or
estimates of instantaneous discharge were paired with each biweekly or monthly grab sample as
indicator of flowconditions Because variation in samplifiggquency over time can cause unintended
impacts on the analysis of trends (Gilbert, 1987), concentrations and flows were averaged monthly
Except at station 18003 (BO083Yhich didnot haveflow data Concentrations for trend analysis
represented monthly floweighted averages to account for differences in instantaneous flow between
individual grab samples within a mon#t station 13486 (GC100), insufficient samples occurred in
2011 (only me), 2013 (only one), and in 2014 (none) for evaluating trends of routine grabs for these
end yearsTrends for station 13486 (GC100) were updated in this report for data tH#02Qmoting
thesegars.

The second data set representeldimeweighted, averagmonthly constituent concentrations based
on calculations of total flow and loadings using routine grab and storm saMplely masses and
flows were calculated using a rectangular integration medpptying a midpoint rule tossociate
water quality concentrations with streamfl¢8tein, 1977. The interval for stage readinggeferally
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five minutes for TIAER stations and 15 minutes for USGS gauging stations) was the minimum
measurement intervalhe flow associated with eachténval was multiplied by the associated average
monthly water quality concentrati@mnd summed across the entire month to calctdéé monthly
constituent loadinggMonthly volumeweighted concentrations were calculated by dividing total
monthly mass foa constituent by total monthixolume offlow.

As noted earlier for routine grab samples, trends of loading data were not analyzed for station 13486
(GC100) in 2011, 201&nd 2014 due to a lack of monitoring data associated largely with dry weather
condtions, although bridge work also made this station inaccessible during much off2€ids

through 2@1 were evaluated for station 13486 (GC1G@3) the method used is robust enough to

handle theemissingdata

Censored Data

Analytical laboratories genally present data based on a reporting limit, where the reporting limit is
the lowest concentration at which the laboratory quantitatively reportsaatsas different from

zera Values below the reporting limit are generally indicated as less thaepbrting limit or lek
censoredLeft-censored datean cause problems with trend aysad, especially when changes in the
reportinglimit occurovertime. If differences due to variation ieporting limitsare not accounted for
prior to trend analysjdalse trends may be observ&dr example, if a relatively higleporting limitis
used early and a loweeporting limitlater in a project, a decreasing trend may be statistically shown
thatwould not exisif concentrationgrom the earlier data were actually lower than the legporting
limit. As part of the quality assurance of a projegporting limis should bdow enough that relevant
changes in values can be observed.

For most projects prior to September 20DB\ER usedliaboratoryMDLs as the reporting limifThese
MDLs were updatedbout once every six monthifter September 2003, most TIAER projects used
TCEQ-defined AWRLs or LOQs as the reporting limit, although if not specified for a project, MDLs
were still implemented~ollowing recommendations by Gilliom and Helsel (1986) and Ward et al
(1988), values masured below the laboratory reporting lioriteft-censored dataere entered as one
half thereporting limit Since variations in reporting limits have occurred, the highest minimum
reporting limit was determined for each constituémpreparing dataets fortrend analysis, the

highest minimunreporting limit for eachstationby constituentvasset eual to onehalf the maximum
reporting limit

Monitoring History

Because monitoring was conducted urgkreraldifferent projects, different lengths of record were
available for eacBtation that varied soe by parameter (Tald® and6). Stations11961 B8O070 and
13486 (5C100Q had the longest periods of recowdth data starting in 1993Vith routine grab
samplesTKN, totalP, and TSS were not analyzed until 19941361 BO070 and 1995 a13486
(GC100, but these three constituents were analyzed with storm samples starting.ibde@bBg
estimates at1961 BO070 in 1993 andl3486 GC100Q in 1993 and 1994 for TKN, totd, and TSS
were, thus, basesh only storm dataAlso, at13486 GC100Q, CHLA was notaroutineparameter
until 1996 Consistent dataets for all constituentgere indicated agtation17226 BO020 starting in
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1997 atstation11963 BO040 as 0f1994 andat stations11956 BO090 and11954 (BM95) of
1996.

Exploratory Data Analysis

Exploratory data analysis (EDA) was used to initially evaluate each dafdnedEDA graphical
technique is used to characterize distributional properties, identifgrs and patterns, and select
appropriate statistical tests using primarily histograms and box plots (Tukey, H#t@yrams and

the ShapireWilk statistic were used to test for normalifjhe ShapireWilk statistic showed that most
water quality vaiables were not normally distributeatural log (log abbreviated as In)
transformation improved the distribution and homogeneity of variance for routine grab and-volume
weighted data sets.

Table5 Years of available sampling ddita trend analysis by station and parameter tgpeoutine
grab samples

Station Conductivity Nsu?:ilfebr:?s Tpifl:l’ng (.)I_tgls' CHLA Bacteria
17226 |\ 1997i o0p1 | 1097i 2021 | 19977 2021 | 1997i 2021 | 1997i 2021
(B0020)
(éé%%) 10947 2021 | 19947 2021 | 19947 2021 | 1994i 2021 | 1994i 2021
(éé%%) 19937 2021 | 19937 2021 | 19947 2021 | 1993i 2021 | 1994i 2021
(ég%%é) 20031 2021 | 20037 2021 | 2003i 2021 | 20037 2021 | 2003i 2021
(51(13%59%) 19967 2021 | 19967 2021 | 19967 2021 | 19967 2021 | 19967 2021
(51(13%59% 19967 2021 | 19967 2021 | 19967 2021 | 19967 2021 | 19967 2021
(Glgigg? 19937 2021 | 19937 2021 | 19957 2021 | 19967 2021 | 1995i 2021

Sample data for station 13486 (GC10@reextremely limited ir2011,2013 and 2014.

Table6  Years of available sampling ddita trend analysis bgtation and parameter type for storm

sampls

Station Soluble Nutrients TKN, Total-P, and TSS
( 518%322%) 1997 2021 1997 2021

( éé%i%) 19941 2021 19941 2021

( é(l)%%) 1993i 2021 1993 2021
(ég%%%) not applicable notapplicable

( 31(1)%%%) 1996i 2021 19961 2021

( éé%g‘é) 19967 2021 19967 2021
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Station Soluble Nutrients TKN, Total -P, and TSS

13486
(GC100}

Sample data for station 13486 (GC10@reextremely limited ir011,2013 and 2014.

19931 2021 19931 2021

Time series anbdox-andwhisker plots identify patterns and describe variability in the. diata

addition, time series and box plots provide insight regarding the presence of trends and seasonality
Seasonality is a systematic variation that, if present, confounds ¢éhieetnd Removing seasonality

prior to trend analysis isnportant becausa significant positive trend in one season and a significant
negative trend in another season can result in a finding of no trend when evaluated. fbgether
presence of seasonglivas statistically evaluated using correlograms of monthly data as described by
Reckhow et al(1993) A correlogram expresses how the correlation of pairs of water quality data
changes with timeA significant correlation at lags representing 6 and 18thsogenerally indicates
seasonality (Reckhow et al., 1998)significant correlation at shorter lags (lags represerdimepr

two months) indicates autocorrelatidfor the parameters and sites evaluated, seasonality was not
significant.

Adjustment forStreamFlow

Another confounding factor in trend analysis of stream water quality data is variation in flow or
volume and its influence on concentratibor example, at stream stations where point source
contributionsdominag, increasedlows associated with storm runoff may act to dilute concentrations,
S0 concentrationdecrease with increasing flowia contrastat stream stations whelPS
contributons dominag, increasing concentrations may occur with increasing. fldstails on methods
for removing ancillary effects associated with flow are discussed in Helsel and Hirsch [B@®2yo
most commonly used methods are simple linear regression @aily veightedscatterplosmoothing
(LOWESS) (Helsel and Hirsch, 2002; Cleveland, 19T8g LOWESS method is preferred over
simple linear regression as an adjustrmathod becaudhe relationship between most ancillary
variables, such as flow or voluraad concentratigns usually nonlinear (Helsel and Hirsch, 2002;
Bekele and McFarland, 2004).

The LOWESS method is an extension of simple linear regressitrat it fits simple regression

models to localized subsets of the data to build up a funittagrdescribes the deterministic variation
between two variable3he local regression is fit using weighted least squares, giving more weight to
points near the point whose response is being estimated and less weight to points furtheuaery
specifed i nput call ed t hfedetérmimesmw muchhdgta greaused to &t eaeh 0  (
localized regressiofvValuesoff range fromzeroto ong with oneusing each individual data point as in
simple linear regressiohargef values producethesmoetts t f uncti ons t hat Awl
response to fluctuations in the data, while sméheues fit functions that more closely conform to

the dataUsing too small afvalue is not desirable, because the regression function will start to

capture radom error in the data (SAS Institute, 2011).

An f value of 0.5 was used as recommended by USGS (Langland et al., 1998) and later confirmed to k
optimum for data from the North Bosque River watershed (Bekele and McFarland, BE&®PROC
LOESS proceduref SAS (SAS Institute, 2011) was used to develop the LOWESS regression
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relationshipsResiduals associated with the LOWESS regression of flow with concentration were then
used in trend testing as fleadjusted concentration&t stream stations, monthly erage stream flow

was calculated as the average of instantaneous measures with grab samples or as the total volume of
flow divided by the number of seconds in a month with volkweehted dataFlows and

concentrations were transformed using a nafogatransformation prior to applying the LOWESS
regression to decrease the variance in the regression residuals.

Trend Testing

The presence aftrend was tested using the nonparametric Ke@d&ll using programs developed

by Reckhow et a1993) and Helsel et.g2006) The Kendal | 6s tau test is
data that show a nemormal distribution, contain missing data, and have censored values below
method detection or reporting limits (Gilbert, 1987; Hirsch and Slack,)1984 e Kendal | 0 s
statistic can also be modified to address seasonality.

The Kendalis tau test is based on a rank order statihat is, it compares ranks rather than actual

data valuesObservations are ordered by date (assuming seasonalitygeesent) and the difference
between successive pairs of observations is calculatkde Kendal | 6s t au st at.
number of positive versus negative differences from successive pairs to determine if et idata
increasing or decreasingentime When seasonality exists, data are grouped by season for
comparisonsoften with each montrepresenting a separate seagonincreasing trend exists when
significantly more data pairs increase than decrease; a decreasing trend exists whesnsigmnifore

data pairs decrease than increase; and if pairs decrease and increase at the same frequency, no trenc
exists (Newell et al., 1993).

Trend testing was done on fleadjusted monthly data sets for all stream stations, except station 18003
(BO083) where flow data wergenerallynot availableThe null hypothesis tested was that there was

no temporal trend in concentration of water quality constitu@iis level of significance used to test

the null hypothesis was 0.0bhe slope calculatefiom the flow-adjusted concentrations (residuals)

gives the magnitude of the trend and is interpreted as the change in concentrategarqrea natural

log scaleThe slopen original units was computed on the natural log saatkcalculated on an

annual bais as follows (Helsel and HirscRD02):

% change/ear= ("7 1)*100

Where fAed is the baasmred odppgrhex inmatuealay d opuwalrs toah.
for the natural logransformed data on an annual b&sis.

51n several previous trend reports (i.e., McFarland and Millican, 2006; 2007; 2008; 2009; and 2010}gifitechange
was calculated as the percent change per month, although presented as the percent change per year and should be
multiplied by 12 to obtain the percent change per year. In Tables 7 through 11 of this report, all slopes are provided as
annual rags of change, including those obtained from previous reports.
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Trend Analysis Results

Routine Grab Data

To account for variations over time, trend results are presented by end year for the past twelve years
with a focus on the most current end yeaf12h comparing between end years, routine grab data
usually indicated similar positive or negative trends, if significagardless of end year, although the
slope representing the percent change per year often variedgT-ablg. Slopes representingeh
percent change per year frequently decreased with increasiingearAt stations 11963 (BO040) and
11961 (BOO070), slopes associated wital pgenerally became more negative with increasing end
year for several years and then slightly less negativeore recent end yeagfBables8 and9). In

some instances, slopes representing the percent change per ydsdmme less negativéth
increasing end yeakess negativelopes with end year are apparent at stations 11956 (BO090) and
11954 (BO095) foPQs-P. These patterns in slope over time may indicate step trends, in which
reductionsoccurred at a given point in timéhus, the impact or slope decreasesagnitudewith
increasing time, or possibhgductionghat occurred in the past that are netarting to increase.

For 21, a significant decreasing trend was indicated at station 17226 (BO020), the most upstream
site on the North Bosque River, fércoli, NHz-N, totalP, and PQ-P (Table7). The decreasing trend

in POy-P detectedepresents the first significant trend in 2@at this statiorfrom routine grab dataA
significant increasing trend was detected for conductatitgtation 17226 (BO020)

Significant trends were indicated for all parameters but conductivity at s1d4t868 (BO040) located
below Stephenville in 221 (Table8). Downward trends occurred with CHLE, coli, NHz-N, POs-P,
TKN, totalP, and TSSSignificant increasing trends occurred with NiO+NOs-N and totaiN. For
NO2-N+NOs-N at 11963 (BO040), increasitiggnds have been apparent since 2011, but only since
2015 for totalN. At station 11963 (BO040), NEN+NOs-N often comprises over 85 percent of the
total-N in routine samples, which likely reflects contributions from the Stephenville WilisORharge
located about a quarter mile above station 11963 (BOWMI@) regard to the TMDL, significant
decreasing trends for R® and totaP at station 11963 (BO040) were first detected with data through
the end year 2007, which is a little over a yaféer the Stephenville WWTF started implementing
phosphorus control practices as part of its treatment process.

Downward trends in PP and totaP also are reflected at station 11961 (BOO070) on a similar
timeframe to station 11963 (BO04)able 9) These downward trends were first noted wdthta
analysis through 2008 for R® and hrough 2007 for totaP. At station 11961 (BO070), downward
trends occurred for all parameters but TSS for data thra0@fh Similar downward trends in nutrients
have occued since 2008 at 11961 (BO070), but onlysN¥Hhas consistently indicated downward
trends for all end years evaluated.

At station 11956 (BO090), significant downward trends were indicated. fooli, NO>-N+NOs-N,

POs-P, TKN, TSS, and totaN (Table 10)In contrast, at station 11954 (BO095), decreasing trends for
data through 2QRwere reported only fokO2-N+NOs-N andPQi-P (Table 11)An increasing trend

was detected for N4IN for data through 2021 at station 11954 (BO095).
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Results for 18008B0083) are presented separately from the other mainstem stations, because data fo
18003 (BO083) were not flow adjusted (Table. \nitoring at station 18003 (BO083) also did not

begin until 2003, representing a much shorter period of record than af teyother station©f

note, downward trends for NHN and PQ-P were significant but had a zestwpe valueA zeroslope
estimate that is significant can occur using
particularly if many valueare at the reporting limit (McBride, 2000), which was the case farNH

and PQ-P at station 18003 (BO083jor data through 202 significant increasing trends were noted

for conductivityandTKN (Table 12)

At station 13486 (GC100) located on Greeeélk;, trends were not analyzed for gnd a20E1p

2013, or 2014 (Table 13n 2011 and 2013, only one month (October 2011 and April 2013) had a
routine grab sample, providing insufficient data for a meaningful annual trends.updi&4, no
routine waer quality samples were collected at station 13486 (GC100), as conditions were dry or
pooledat allvisits. Allowing for these gaps in the data set, trends evaluated throughrizbated
significant decreases in conductivity, CHLA,coli, NHz-N, NO-N+NOz-N, PQs-P, and totalN

(Table 13).
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Table7

Trend results for routine grab data for stati@g226(BO020)

Data transformed using a natural lognsformation and adjusted for flow prior to trend analy&ignificant slopes indicated at avplue of 0.05.

Kendall End End End End End End End End End End End End
Period Test p-value? Year | Year | Year | Year | Year | Year | Year | Year | Year | Year | Year | Year
Parameter Evaluated | Statistic? 2021 | 2020 | 2019 | 2018 | 2017 | 2016 | 2018 | 2014 | 2013 | 2012° | 201P | 201C
Conductivity | 19972021 0.095 0.0352 1.3 -2.2 -3.1 -2.5 -2.9
CHLA 19972021 0.008 0.8606
E. coli 19972021 -0.160 0.0011 -4.8 -5.0 -4.7 -5.6 -4.9 -6.5
NHz-N 19972021 -0.106 0.0187 -1.3 -1.7 -2.0 -2.4 -2.5 -2.5 -2.1
NO,-N+NOs-N | 19972021 0.020 0.6582
PO-P 19972021 -0.100 0.0257 -1.2
TKN 19972021 -0.074 0.0977 -1.1 -1.5 -1.3
TotalP 19972021 -0.147 0.0011 -1.6 -1.3 -1.5 -1.3 -1.5 -1.5
TSS 19972021 0.050 0.2738 2.4 3.3 2.5
TotakN 19972021 0.003 0.9486

a. Results for year 2021.

b. Summary of significant trend slopes (McFarland and Millican 20012 McFarland and Adams 20130143 2015 2016 2017, 2018; Millican, Adams, and
McFarland 2019; and Millican and Adams 2020, 2021

Table8

Trend results for routine grab data for statid®@3(BO040)

Data transformed using a natural lognsformation and adjusted for flow prior to trend analy&gnificant slopes indicated at avplue of 0.05.

Kendall End | End End End End End End End End End End End
Period Test Year | Year | Year | Year | Year | Year | Year | Year | Year | Year | Year | Year
Parameter Evaluated | Statistic® | p-value? | 2021 | 202¢ | 2019 | 2018 | 2017 | 2016 | 2019 | 2014 | 201F | 2012° | 201P | 2010
Conductivity 19972021 0.011 0.7744 -0.5 -0.6
CHLA 19972021 -0.125 0.0008 | -2.2 | -1.7 -1.6 -1.6 -2.5 -2.5 -2.7 -2.7
E. coli 19972021 -0.195 0.0000 | 4.2 | -4.3 -4.3 -3.9 -3.8 -3.4 -2.9
NH3-N 19972021 -0.146 0.0001 | -2.7 | -3.2 -3.9 -4.3 -4.9 -5.1 -4.8 -4.2 -4.4 -5.6 -6.2 -7.6
NO>-N+NOsz-N 19972021 0.270 0.0000 | 3.3 3.3 2.9 2.9 3.0 2.9 2.9 2.4 2.6 2.5 2.0
PO:-P 19972021 -0.432 0.0000 | -6.4 | -6.0 -6.3 -6.4 -6.6 -6.9 -6.5 -7.1 -7.2 -7.7 -7.9 -7.4
TKN 19972021 -0.257 0.0000 | -2.4 | -25 -2.7 -2.9 -3.5 -3.5 -3.0 -2.8 2.7 -3.0 -3.0 -4.0
TotalP 19972021 -0.452 0.0000 | -5.9 | -5.6 -5.8 -5.9 -6.2 -6.4 -6.0 -6.5 -6.7 7.1 -7.1 -6.7
TSS 19972021 -0.140 0.0001 | -1.2 | -1.2 -1.4 -1.1 -1.2 -1.3
TotalN 19972021 0.205 0.0000 | 1.7 1.6 1.1 1.1 1.0 1.0 1.1

a. Results for year 2021.

b. Summary of significant trend slopes (McFarland and Millican 20012 McFarland and Adams 201301432015 2016 2017, 2018; Millican, Adams, and
McFarland 2019; and Millican and Adams 2020, 2021
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Table9 Trend results for routine grab data for statid®@1(BO070)

Data transformed using a natural lngnsformation and adjusted for flow prior to trend analy&ignificant slopes indicated at avplue of 0.05.

Kendall End | End End End End End End End End End End End
Period Test Year | Year | Year | Year | Year | Year | Year | Year | Year | Year | Year | Year
Parameter Evaluated | Statistic® | p-value? | 2021 | 2020 | 2019 | 2018 | 2017 | 201@ | 2018 | 2014 | 201F | 2012° | 201P | 201C
Conductivity 19942021 -0.085 0.0209 | -04 | -04 | -05 | -0.8 -0.7 | -0.8 -1.1 | -1 -1.1 -1.2 -1.2 -1.2
CHLA 19942021 -0.117 0.0019 | -19 | -20 | -20 | -1.9 24 | 25 | 2.7 | 2.7 -3.4 | -3.2 -2.4
E. coli 19942021 -0.099 0.0104 | -2.3 | -2.2 -26 | -2.5 -3.1 | -3.3 -2.0 -3.1 -4.2
NHs-N 19942021 -0.112 0.0026 | -0.8 | -1.1 -1.4 | -1.8 22 | 25 | 24 | 2.2 -25 | -2.9 -3.6 -4.0
NO2-N+NOsz-N 19942021 -0.100 0.0068 | -1.9 | -2.1 -23 | -2.6 -3.2 | -3.1 -3.2 | -3.2 -4.3 -4.6 -4.4 -4.3
PO:-P 19942021 -0.362 0.0000 | -7.2 | -7.3 7.3 | -7.2 -7.3 | -7.3 -66 | -70 | -74 | -7.2 -5.5 -5.0
TKN 19942021 -0.082 0.0293 | -0.7 | -0.8 -09 | -1.1 -14 | -14 | -1.0 -1.4
TotalP 19942021 -0.292 0.0000 | -3.3 | -3.6 -3.8 | -3.9 -4.3 | -4.6 4.4 | -4.7 -5.3 -5.5 -4.5 -4.4
TSS 19942021 -0.025 0.5132
TotalN 19942021 -0.119 0.0016 | -1.0 | -1.2 -1.3 | -1.56 -19 | -18 | -15 | -15 | -1.8 | -1.8 -1.6 -2.3

a. Results for year 2021.

b. Summary ofignificant trend slopes (McFarland and Millican 202012 McFarland and Adams 20130143 2015 2016 2017, 2018; Millican, Adams, and
McFarland 2019; Millican and Adams 2020, 2021

Table1l0 Trend results for routine grab data for statid®36(BO090)

Data transformed using a natural log transformation and adjusted for flow prior to trend aSaysiicant slopes indicated at avplue of 0.05.

Kendall End | End End End End End End End End End End End

Period Test Year | Year | Year | Year | Year | Year | Year | Year | Year | Year | Year | Year

Parameter Evaluated | Statistic® | p-value* | 2021 | 202¢ | 2019 | 2018 | 2017 | 2016 | 2018 | 2014 | 2013 | 2012° | 2012 | 2010

Conductivity 19962021 0.002 0.9664 -0.4 -0.7
CHLA 19962021 -0.043 0.2651

E. coli 19962021 -0.132 0.0007 | -29 | -3.5 -3.4 -3.0 -2.6 -2.6 -2.8 -3.8 -4.1 -5.0

NH3-N 19962021 -0.064 0.0953 -0.5 -0.9 -1.1 -1.3 -1.7 -2.0 -2.2 -2.5 -2.8 -3.6 -4.1

NO,-N+NOs-N 19962021 -0.131 0.0006 | -2.4 | -2.1 -1.9 -2.6 -2.6 -3.4 -4.4 -3.7 -2.7 -5.8

PO:-P 19962021 -0.134 0.0005 | -1.3 | -1.5 -1.5 -1.3 -1.8 -2.0 -1.9 -2.7 -3.6 -4.0

TKN 19962021 -0.066 0.0819 | -0.7 | -1.0 -1.2 -1.8 -2.3 -2.3 -1.9 -1.9 -1.6 -1.7 -2.5 -4.1
TotalP 19962021 -0.023 0.5414

TSS 19962021 -0.096 0.0124 | -1.2 | -1.5 -1.7 -1.5 -1.7 -2.1 -1.4 -1.5 -1.7 -2.2 -2.7 -3.7

TotalN 19962021 -0.153 0.0001 | -1.3 | -15 -1.6 -2.1 -2.5 -2.7 -2.8 -2.7 -2.3 -2.2 -3.0 -4.9

a. Results for year 2021.

b. Summary of significant trend slopes (McFarland and Millican 20012 McFarland and Adams 2013014a 2015 2016 2017, 2018; Millican, Adams, and
McFarland 2019; and Millican and Adams 2020, 2021
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Tablell Trend results for routine grab data for statid®34(BO095)

Data transformed using a natural log transformagioth adjusted for flow prior to trend analystsgnificant slopes indicated at avplue of 0.05.

Kendall End End End End End End End End End End End End

Period Test p- Year | Year | Year | Year | Year | Year | Year | Year | Year | Year | Year | Year

Parameter Evaluated | Statistic® | value? | 2021 | 2020 | 2019 | 2018 | 2017 | 2016 | 2018 | 2014 | 201F | 2012° | 201P | 2010
Conductivity 19962021 0.038 0.3219
CHLA 19962021 -0.012 0.7551

E. coli 19962021 -0.045 0.2482 -1.8 -3.4 -3.7

NHs-N 19962021 0.105 0.0058 | 0.9 -1.5 -2.3 -3.4

NO,-N+NOs-N 19962021 -0.094 0.0144 | -1.4 -1.4 -1.8 -2.4 -2.4 -1.2

PO:-P 19962021 -0.128 0.0008 | -1.0 | -1.2 -1.3 -1.2 -1.4 -1.6 -1.1 -1.8 -2.4 -3.4 -4.4 -5.2

TKN 19962021 0.061 0.1079 -1.8 -3.4

TotalP 19962021 0.013 0.7406 -0.7 -1.0 -1.7

TSS 19962021 -0.062 0.1045 -2.9 -4.1

TotakN 19962021 -0.030 0.4376 -1.7

a. Results for year 2021.

b. Summary of significant trend slopes (McFarland and Millican 20012 McFarland and Adams 20130143 2015 2016 2017, 2018; Millican, Adams, and
McFarland 2019; and Millican and Adams 2020, 2021
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Table1l2 Trend results for routine grab data for station 18003 (BO083)

Data werdransformed using a natural log transformation prior to trend anafeis data were not available for this station, so water quality data were neadjoated
prior to trend evaluatiarSignificant slopes indicated at avplue of 0.05.

Kendall End | End End End End End End End End End End End
Period Test p- Year | Year | Year | Year | Year | Year | Year | Year | Year | Year | Year | Year
Parameter Evaluated | Statistic® | value? | 2021 | 202¢° | 2019 | 2018 | 2017 | 2016 | 2018 | 2014 | 2012 | 2012° | 201P | 201C
Conductivity | 20032021 0.115 0.0164| 0.6 0.6
CHLA 20032021 0.028 0.5542 3.1 4.4 5.9 7.3 7.9 114 | 109 | 121 | 144 | 174
E. coli 20032021 0.067 0.1803
NHz-N 20032021 0.138 0.0018| 0.0 | 0. 0.0 -0.0 -0.0 -0.0 -0.0 -0.0 -0.0
NO2-N+NOs-N | 20032021 0.015 0.7260
PQO-P 20032021 -0.119 | 0.0101| 0.0 0.0 -0.0 -2.8 -1.8
TKN 20032021 0.097 0.0437| 1.7 2.1 2.6 2.6 2.6 3.1 3.0 5.4 5.5
TotalP 20032021 0.061 0.2032 4.4 6.1
TSS 20032021 0.042 0.3847 2.5 3.5 4.8 5.1 6.0 7.2 5.7 6.8 8.1 7.4
TotakN 20032021 0.089 0.0644 2.1 2.9 2.7 2.6 3.4 5.1

a. Results for year 2Z11.

b. Summary of significant trend sloped¢Farland and Millican 201,2012 McFarland and Adams 201301432015 2016 2017, 2018; Millican, Adams,
and McFarland 203%nd Millican and Adams 202@02J).

c. The percent slope change for NN is significant but estimated as 0.00 percent change per year due to multiple ties or readings at the reporting limit.

Table1l3 Trend result$or routine grab data for major tributary statitd3486(GC100)

Data transformed using a natural log transformation and adjusted for flow prior to trend aSaysiisant slopes indicated at avplue of 0.05.

Kendall End | End | End | End | End | End | End | End | End | End End | End

Period Test p- Year | Year | Year | Year | Year | Year | Year | Year | Year | Year | Year | Year

Parameter Evaluated | Statistic® | value® | 2021 | 2020 | 2019 | 2018 | 2017 | 2016 | 2019 | 2014 | 2013 | 2012* | 201P | 2010

Conductivity | 19932021 | -0.218 | 0.0000| -0.8 | -0.9 | -09 | -1.2 | -1.2 | -1.3 | -1.9 | NA°® NA -1.9 NA -1.9

CHLA 19962021 | -0.186 | 0.0007| -3.0| -32 | -31 | -33 | 41 | 45 | -57 NA NA -5.8 NA -5.0
E. coli 19952021 | -0.134 | 0.0159| 31| 41 | 40| -33 | 40 | -53 | 47 NA NA NA

NHz-N 19932021 | -0.077 | 0.1161| -0.7 | -10 | 1.3 | -1.7 | -22 | -24 | -2.7 NA NA -2.6 NA -3.1
NO>--N+NOs-N | 19932021 | -0.154 | 0.0016 | -2.3 | -2.0 NA NA NA

PO-P 19932021 | -0.177 | 0.0003| -3.0| -31 | 35| 32 | 42 | 44 | 4.2 NA NA -5.3 NA -6.1
TKN 19952021 | -0.081 | 0.1138 -15 NA NA NA
TotalP 19952021 | -0.015 | 0.7678 NA NA NA
TSS 19952021 | -0.077 | 0.1322 -13 | -15 | -13 | -14 | -20 | -1.9 NA NA NA
TotakN 19932021 | -0.150 | 0.0036| -1.4 | -1.7 | -1.3 NA NA NA

a. Results for year 211.

b. Summary of significant trend slopad¢Farland and Millican 201,2012 McFarland and Adams 20120143 2015 2016 2017, 2018; Millican, Adams,
and McFarland 201%nd Millican and Adams 202@021).

c. NA indicates not applicabl@rend analysis was nebnducted for station 13486 (GC100) due to insufficient routine grab data in 2081 a2d 2014

27



Assessment of Water Quality Trends for the North Bosque River throijh 20

VolumeWeighted Data

Except for NQ-N+NOs-N and totalN at station 11963 (BO040), no increasing trends
were indicated at any of mainstem stations for the volweighted data analyzed

through 202, but several decreasing trends occurred (TablekD)l At station 17226
(BOO020), significant decreas trends were indicated for all constituents (Table 14)
Decreasing trends were indicated at 11963 (BO040) farNIHPQi-P, TKN, totatP, and
TSS (Table 15)Stations 11961 (BO070) and 11956 (BO090) indicated significant
decreasing trends for all congtints (Tables 16 and 1At station 11954 (BO095),
significant decreasing trends were indicated foi-POTKN, totalP, TSS, and totel

(Table 18) At station 13486 (GC100) on Green Creek, significant decreasing trends for
data through 221 were noted for all constituents (Table 19)
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Table1l4 Trend result$or monthly volumeweighted data for statial’226(BO020)

Data transformed using a natural log transformation and adjusted for flow prior to trend aSaysiicant slos indicated at a-palue of 0.05.

Kendall End | End | End | End | End | End | End | End End End End End

Period Test Year | Year | Year | Year | Year | Year | Year | Year | Year | Year | Year | Year

Parameter Evaluated | Statistic® | p-value® | 2021 |202¢ | 2019 | 2018 | 2017 | 2016 | 2019 | 2014 | 2012 | 2012° | 201P | 201Q

NHs-N 19972021 -0.214 0.0000 | -3.0| -32| -36 | 42| -42| -5.0| -45 | -4.7 -5.0 -4.9 -4.9 -5.2

NO,-N+NOs-N 19972021 -0.106 0.0081 | -2.1 -2.6 -2.7 -4.8 -4.8 -4.2
PO:-P 19972021 -0.102 0.0108 | -10| -09| 11| -1.1 | -1.0

TKN 19972021 -0.229 0.0000 | -21 | 21| -20 | -22 | 22| -1.9| -1.3 -1.4

TotalP 19972021 -0.215 0.0000 | -22 | 21| -21| -20| -1.8 | -1.7

TSS 19972021 -0.206 0.0000 | -54 | 5.6 | 45| 41| -3.1

TotakN 19972021 -0.183 0.0000 | -2.7| 16| 14| -1.7| -15| -1.4 | -1.3 -1.3 -1.6 -1.6 -1.9

a. Results for year 2Z11.
b. Summary of significant trend slopes (McFarland and Millican 20012 McFarland and Adams 20130143 2015 2016 2017, 2018 Millican, Adams,
and McFarland 201%nd Millican and Adams 202@021).

Table1l5 Trend result$or monthly volumeweighted data for statiatl963(BO040)

Data transformed using a natural log transformation and adjusted for flow prior to trend aSaydiicant slopes indicated at avplue of 0.05.

Kendall End | End End End End End End End End End End End
Period Test Year | Year | Year | Year | Year | Year | Year | Year | Year | Year | Year | Year
Parameter Evaluated | Statistic? | p-value* | 2021 | 2020 | 2019 | 2018 | 2017 | 201& | 2019 | 2014 | 2012 | 2012* | 2012 | 201@
NHs-N 19942021 -0.209 0.0000 | -3.2 | -3.7 -4.4 -4.6 -4.8 -5.1 -5.0 -4.7 -5.3 -6.7 -6.5 -7.8
NO--N+NOs-N | 19942021 0.189 0.0000 | 2.5 2.6 2.1 2.7 2.5 2.2 1.4
POs-P 19942021 -0.389 0.0000 | -5.1 | -5.1 -5.3 -5.5 -5.7 -6.1 -6.1 -6.6 -7.2 -7.9 -7.6 -7.0
TKN 19942021 -0.271 0.0000 | -2.3 | -2.6 -2.6 -2.5 -2.6 -2.5 -1.9 -1.2 -1.1 -1.8
TotatP 19942021 -0.419 0.0000 | -4.8 | -4.8 -4.9 -4.9 -5.0 -5.1 -5.0 -5.0 -5.3 -5.4 -5.2 -4.6
TSS 19942021 -0.155 0.0000 | -3.4 | -3.9 -3.4 -2.5 1.0 2.8 3.2 4.0 3.9 4.4
TotakN 19942021 0.107 0.0035 0.8 0.8 0.8 -1.3

a. Results for year Z21.
b. Summary of significant trend slopes (McFarland and Millican 20001 2012 McFarland and Adams 20130144 2015 2016 2017 2018 Millican,
Adams, and McFarland 2018nd Millican and Adams 2022027).
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Table1l6 Trend result$or monthly volumeweighted data for statiatl961(BO070)

Data transformed using a natural log transformation and adjusted for flow prior to trend aSaysiicant slopes indicated at avplue of 0.05.

Kendall End | End End End End End End End End End End End

Period Test Year | Year | Year | Year | Year | Year | Year | Year | Year | Year | Year | Year

Parameter Evaluated | Statistic® | p-valug® | 2021 | 2020 | 2019 | 2018 | 2017 | 201& | 2019 | 2014 | 2012 | 2012* | 2012 | 201@

NHs-N 19932021 -0.178 0.0000 | -1.8 | -2.2 -2.5 -2.8 -3.0 -3.5 -3.3 -3.2 -3.9 -4.7 -4.5 -4.9

NO,-N+NOs-N | 19932021 -0.145 0.0001 | -2.2 | -2.3 -2.2 -2.3 -2.4 -2.2 -2.2 -2.2 -3.8 -3.3 -3.3 -3.6

PO:-P 19932021 -0.356 0.0000 | -6.3 | -6.2 -6.2 -5.8 -5.7 -5.5 -4.8 -4.9 -5.9 -4.7 -4.6 -4.6

TKN 19932021 -0.165 0.0000 | -1.7 | -1.7 -1.7 -1.6 -1.5 -1.4 -1.4 -1.6 -1.5 -2.3

TotalP 19932021 -0.303 0.0000 | -3.9 | 4.0 -3.9 -3.6 -3.6 -3.5 -2.9 -2.7 -4.0 -3.2 -3.1 -3.0
TSS 19932021 -0.151 0.0000 | -3.6 | -3.8 -3.2

TotakN 19932021 -0.189 0.0000 | -1.7 | -1.8 -1.8 -1.7 -1.7 -1.5 -1.8 -1.9 -1.9 -2.6

a. Results for year 2Z11.
b. Summary of significant trend slopes (McFarland and Millican 20001 2012 McFarland and Adams 20130144 2015 2016 2017 2018 Millican,
Adams, and McFarland 2018nd Millican and Adams 202@021).

Tablel7 Trend result$or monthly volumeweighted data for statiatil 956 (BO090)

Data transformed using a natural log transfation and adjusted for flow prior to trend analySignificant slopes indicated at avplue of 0.05.

Kendall End | End | End | End | End | End | End | End | End | End | End End

Period Test p- Year | Year | Year | Year | Year | Year | Year | Year | Year | Year | Year | Year

Parameter Evaluated | Statistic® | value® | 2021 | 202C | 2019 | 2018 | 2017 | 2016 | 2019 | 2014 | 2013 | 2012 | 201P | 2010

NHz-N 19962021 -0.127 | 0.0005| -12 | -15 | 23| 26| 31 | 35| 37| 37| 41 | 53| -51 | 55

NO2>-N+NOs-N | 19962021 -0.143 | 00001 | 20| -1.7 | -19 | 25 | 22 | 25| 22 | 29 | 24 | -25 | -25 | 43

PO-P 19962021 -0.176 | 0.0000| -2.0 | 22 | 23 | -23 | -23 | 24 -25 | -24 | -3.2

TKN 19962021 -0.127 | 0.0005| -14 | -16 | -20 | -23 | -24 | -23 -1.8 | -3.6
TotalP 19962021 -0.149 | 0.0000| -16 | -18 | -18 | -16 | -1.2 | -11

TSS 19962021 -0.214 | 0.0000| -44 | 47 | 44 | -42 | -25
TotakN 19962021 -0.195 | 0.0000| -18 | -19 | 22 | 25| -26 | 26 | -20 | .19 | -1.7 | -28 | -28 | 44

a. Results for year Z21.

b. Summary of significant trend slopes (McFarland and Millican 220Q1, 2012 McFarland and Adams 2012014g 2015 2016 2017, 2018 Millican,
Adams, and McFarland 2018nd Millican and Adams 2022027).
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Table18 Trend result$or monthly volumeweighted data for statiatil 954 (BO095)

Data transformed using a nedulog transformation and adjusted for flow prior to trend analgsimificant slopes indicated at avplue of 0.05.

Kendall End | End End End End End End End End End End End

Period Test p- Year | Year | Year | Year | Year | Year | Year | Year | Year | Year | Year | Year
Parameter Evaluated | Statistic® | value® | 2021 | 2020 | 2019 | 2018 | 2017 | 2016 | 201% | 2014 | 201F | 2012° | 201P | 2010
NHs-N 19962021 0.052 0.1627 -13 | 14 | -18 | 19 | -20 | -24 | 41 | 42 | -5.2

NO2-N+NOs-N | 19962021 -0.059 | 0.1103 -1.8

PO:-P 19962021 -0.179 | 0.0000| -18 | -21 | 25| 25| 29| 31| 20| 23| -33 | 56 | -55 | -65
TKN 19962021 -0.085 | 0.0231| -09 | -1.0 -28 | -3.0 | -4.3
TotalP 19962021 -0.183 | 0.0000| -19 | -21 | 21 | -19 | -1.8 | -1.9 -15 | -26 | -26 | -3.2
TSS 19962021 -0.225 | 0.0000| -5.2 | 5.2 | 46 | 41 | -34 | -3.1 -55 | 55 | -6.5
TotakN 19962021 -0.135 | 0.0003| -1.1 | -09 | -09 | -1.0 -14 | -15 | -2.2

a. Results for year 221.

b. Summary of significant trend slopes (McFarland and Millican 20001, 2012 McFarland and Adams 201301442015 2016 2017, 2018 Millican, Adams, and
McFarland 2019and Millican and Adams 202@02J).

Table19 Trend result$or monthly volumeweighted data fomajor tributarystation13486(GC10Q

Data transformed usingreatural log transformation and adjusted for flow prior to trend ana§wgsificant slopes indicated at avplue of 0.05.

Kendall End | End | End | End | End | End | End | End | End End | End | End
Period Test p- Year | Year | Year | Year | Year | Year | Year | Year | Year | Year | Year | Year
Parameter | Evaluated | Statistic® | value? | 2021 | 202 | 2019 | 2018 | 2017 | 2016 | 2019 | 2014 | 2013 | 2012° | 2012 | 2010
NHz-N 19932021 | -0154 | 0.006 | -1.7 | -2.0 | -2.2 | -2.7 | -3.0 | -1.8 | -2.8 | NA°® NA -2.1 NA -2.3
NO2- 19932021 | -0.188 | 0.0000| -3.8 2.4 NA NA 45
N+NOs-N -3.8 ' NA 4.2
PO-P 19932020 | -0.269 | 0.0000| 46 | 51 | 47 | ‘42 | 43| -21 | -25 NA NA NA
TKN 19932021 | -0.201 | 0.0000| -2.7 | -2.7 | 22 | -22 | -1.7 NA NA NA
TotalP 19932020 | -0.153 | 0.008B | -22 | -23 | -19 | -2.0 NA NA NA
TSS 19932021 | -0.194 | 0.0000| -54 | -6.0 | -49 | -3.8 NA NA NA
TotakN 19932020 | -0.195 | 0.0000| -23 | -22 | -16 | -14 2.2 NA NA 4.1 NA 3.8

a. Results for year 221.

b. Summary of significant trend slopes (McFarland and Millican 22020 2011, 2012 McFarland and Adams 201301432015 2016 2017 2018 Millican, Adams,
and McFarland 201%nd Millican and Adams 202@027).

c. NAindicates not applicabl@rend analysis was not conducted for station 13486 (GC100) due to a lack of loading2@4ath 2013, and 2014.
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Evaluation of Stream Water Quality Goal Attainment

Three approaches were used to evaluate attainment of the TMDL water quality goals as
presented in thePlan (TCEQ and TSSWCB, 2002he first approach plotted annual
average flow versus annual averagesffCconcentrations of routine samples for more
recent years compared to prMDL regression relationship$he second approach
compared annual average P®concentrations of routine grab to target concentrations or
goak set for index stations in the TMDLEhe third approach compared data acquired
postimplementation of the TMDL to a set of probability distribution curves constructed
from TMDL model predictions.

Regression Relationships

To evaluate if theelationship between R and flow has changed over time, a set of
regression equations was derived from historical data for 1996 through 2000 representing
each of the five index stations for pr&DL conditions (TCEQ and TSSWCB, 2002)

These regressiorgaations relate annual average concentrations of SRP from routine

grab samples faxis values) to the badd logarithm of annual average stream flow (x

axis values) and were developed in tf&ldn using data from the following stations:

Station 17226 (B020) for the index station above Stephenville
Station 11963 (BO040) for the index station below Stephenville
Station 11958 (BO085) for the index station above Meridian

Station 11956 (BO090) for the index station at Clifton

Station 17605 (BO100) combinedttvidata from station 11954 (BOQ95) for the
index station at Valley Mills

= =2 =4 A4 -

Due to changes in monitoring locations, some additional data were used in development
of these regression relationshipfonitoring at station 11958 (BO085) was discontinued

in April 2005, and data from station 18003 (BO083) were used in combination with data
from station 11958 (BO085yVhile station 18003 (BO083) is located about 11.6 river
miles upstream of station 11958 (BO085), it is considered more representative of the
index stabn defined in the-Plan as above MeridiaRlow was not measured at either
11958 (BOO085) or 18003 (BO083) on a continuous basis, so annual average flows from
station 11956 (BO090) were used in the equations presented RPldwe &nd in the

current evalation As previously noted for trend analysis, data for stations 17605/11954
(BO100/BO095) were also combineégtation 11961 (BO070), while not an index station,
had longterm data that were evaluated in a similar manner for comparison.

Of note, the regmsion equations comparing R concentrations versus annual average
flow differ somewhat from those presented in tfiddn and early annual reports for a
couple of reasongirst, annual average flows were revised based on the most updated
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rating curve ad stage data informatioRor this report, regression equations was®
included using data from the pe$MDL period of 20012021. In addition, grab samples
used in the analysis were scrutinized to ensure samples were representative of routine
monitoring with relatively equal time intervals between samples throughout the year as
suggested in thePlan (TCEQ and TSSWCB, 2008y including only samples
representative of relatively equal time intervals, several samples associated with special
studies were dropped that had been included in previous andkysgusly, all

available P@-P data for grab samples had been included regardless of the time interval
between samplet/sing samples separated by relatively equal time intervals decreases
the bias that may occur if samplimgasmore frequent during a particular time of year
Extended periods of pooling or no flow in association with the relatively dry summer
months still caused unequal sampling intervals in some yeantscularly at station

17226 (BO020), which more often has pooled conditions

In comparing data in this manner to evaluate goal attainment, annual average PO
concentrations below the pfeMDL regression linavereconsidered indicative of
potential improvements in water qugliwhile annual average R® concentrations
plotted above the pfEMDL regression linavereconsidered indicative of potentially
worsening conditions (FiguresI®). There is some variability expected, as these
regression relationships are not perfeat,they provide a tool for general assessment of
changes in water qualitiaking variability in flow conditions into consideration.

At the most upstream index station, 17226 (BO020) located above Stephenvill@, only
out of 21 years clearly indicated analaverage concentrations of PP below the pre
TMDL regression lineKigure4). The highest annual average concentrations affPO
reportedat station 17226 (BO020) occurred during 204Hen annual average flow was
among the lowest recorded at this locationcontrast, the high annual average flows in
2015 and 2016 had R® concentrations below tipee-TMDL regression lineThe
influence of these drought or leftow years and wedr high-flow years is also apparent
in the postTMDL regression line, which shows a decrease in concentration as annual
average flows increase.
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Figure4 Relationship of the natural log of flow to annual average-P©@oncentration of routine grab samples for station 17226
(BO020)
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The station below Stephenville, 11963 (BO040), indicated annual average PO
concentrations below the pfeMDL line in all but two posfTMDL years (Figures).

Only in 2004 and 2005 were concentrations slightly above th&Mi2L regression line
Station 11963 (BO040) is located just below Stephenville about a quarter mile
downsteam of the major outfall for the Stephenville WWTTRe decreasing relationship
of POy-P concentrations with increasing flows is indicative of dilution of a point source
or constant contribution inoth thepre TMDL and pos{TMDL regression ling In the

fall of 2005, the Stephenville WWTF started implementing phosphorus control practices,
which correlates with a large decrease in the-P@oncentration of routine grab samples
post 2005 for this locatiosimilar to station 17226 (BO020), the highest alraverage
flows occurred in 2015 and 2016yt extrapolatinghe preTMDL regression line still
indicated annual average RP concentrations below this lineor 2@1, PO-P
concentrations were well below the prIDL regression linend represent thewest
annual average concentration recordedtation 11963 (BO040).

While station 11961 (BOO070) near Hico is not an index station, it is representative of
conditions between index stations 11963 (BO040) and 11958/18003 (BO085/BO083)
Station 11961 (BOO070% about 22.5 river miles downstream of station 11963 (BO040)
andabout 27.8niles above station 18003 (BO08B) comparing annual average PP
concentrations to the pfEMDL line with annual average flow, only 2004 indicated
annual average REP concetrations above the pfEMDL regression line (Figuré).

While the slope is not as steep, station 11961 (BO070) also hag Bpie regression

line similar to station 11963 (BO04®yith PQi-P concentrations decreasing with
increasing flowsThis likely refects the point source influence of contributions from the
Stephenville WWTF at this downstream locati®he postTMDL regression line is
essentially flatwhich may indicate a significant reduction in point source contributions
For 2@1, PQi-P concentrations were well below the gr®IDL regression line at station
11961 (BOO070).

Moving downstream, the combined stations 11958/18003 (BO085/BO083) have annual
average P@P concentrations below the pr&DL regression line most yeaiscluding

2021 (Figure7). Exceptions with concentrations above the pkDL regression line
occurred in 2006, 2009, 2011, and 20IBe postTMDL regression line indicates a

similar relationshigo flow and P@Q-P concentrations as compared to the ivibL
regression

At stations 11956 (BO090) and 17605/11954 (BO100/BO095), along the lower portion of
the North Bosque River, very similar responses occulikedy due to the close

proximity of these two locations (Figur8sand9). Station 11956 (BO090) is only about

10 river miles upstream of station 11954 (BOQ3&ith one major tributary, Neils Creek,
flowing in between these two statiodg these downstream locations, values above the
pre TMDL regression line generally occurred in years representing eing low or

very high flows.
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Annual average P£P concentrationat stations 11956 (BO090) and 17605/11954
(BO100/BO095)were above the pfEMDL regression lines ithelow-flow years of
2011 and 2013 and the hiflow year of 2015 (Figure8 and9). In 2014, which vas
another very lowflow year, annual average R® concentrations at station 11956
(BO090) were above the piieMDL regression line, but just along the line at station
17605/11954 (BO100/BO09Bhen extrapolatedn 2016, which was another higlow
yearlike 2015, PQ-P concentrations were well below the{JildDL regression lines for
both locationsThis shift in the relationship between PP concentrations for 2015 and
2016 likely reflects a flushing effect of two very wet years occurring-batlack As at
station BO083, the podtMDL regression lines for BO090 and BO095 indicate similar
relationships to flow and P&P concentrationsvith concentrations increasing with flow
The PQys-P concentrationfor 2021 at both locationsverewell belowpre TMDL
regression lines.

Annual Average TMDL Goal

The second approach used to evaluate goal attainment was to compare the annual average
concentration to the loratgrm predicted concentration from the TMDL modeling effort

and the target concentratiorr feach index station (TNRCC, 2000omparing the

annual average of routine grab samples shows the TMDL goal has been reached on
occasion at all five stations (Figureddnd 11), but notconsistently at all locations.

Of note, the comparisons shown in tHigs D and 11 are similar to graphs shown in the
annual status report provided BZEQ (e.g., TCEQ, Z1), but the timeframe

represented differén the graphs presented in the TCEQ status report, the annual
timeframe represents a water yéactober through September) rather than a calendar
year (January through Decembdmye calendar year is presented herein for consistency
with charts comparing annual averagesfconcentrations with annual average flow
(Figures4-9) and the presentatiaf data in previous trend reports by TIAER (e.g.,
McFarland and Millican, 2012Pegite these timelifferences, annual R&P
concentrations follow aimilar patternto those iInTCEQ staus report TCEQ, 2@1).

Annual PQ-P concentrations at station 177188020) were often above the TMDL
goal with concentrations dipping below the goal only in 2012 (Fig@jelt 2021, the
annual average R@P concentration was above the gaait slightly below the longerm
predicted concentration

A very notable droin PQ:-P concentrations occurred at station 11963 (BO040) from
2005 to 2006coinciding with implementing phosphorus control practices at the
Stephenville WWTF in the fall of 2005 (Figur@1Annual average concentrations at
station 11963 (BO040) have ramed below or only slightly above the target level since
2007 Drought conditionsas occurred in 2013 and 2QB4e suspected to have caused
increased concentrations in these years as decreased ambient stream flow was mixing
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with effluent from the Stepmille WWTF. In 2021, the annual average concentration
wasbelow the target concentration of 0.448 mg/L.
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Figurel0 Annualaveragd?Qs-P from routine gralwata for statios 17226 (BO020) and
11963 (BO0O40rompared to the loagerm predicted concentration without
TMDL implementation and the TMDL goal

Values above bars represent the number of samples in each year.

At station 11958/18003 (BO085/BO083), concentrations have been below the TMDL
goal in all yeas but 2015 (Figurel). The relatively high annual average concentration
of POy-P in 2015 followed two years of drought (2013 and 2014), when very low flows
and low PQ@-P concentrations occurred (see Figtixdn contrast to 2013 and 2014,

2015 was a yeawith very high flows Flows in 2016 were comparable to 2015, but the
lower concentrations in 2016 are likely due to a flushing of the systemhaving two
very wet years bacto-back In 2021, PO-P concentrations were below target levels.
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Figurell AnnualaveragdPQs-P from routine gralwata for statios 11958/18003
(BO085/BO083), 11956 (BO090), and 17605/11954 (BO100/BO095)
compared to the lonterm predicted concentration without TMDL
implementation and the TMDL goal

Values above bars represent tiuenber of samples in each year.
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